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VIVID AND LIGHTFAST IN PASTEL OR FULL SHADES 


In plastics, inks and paints, GDC’s Heliogen Greens exhibit excellent 
lightfastness in all degrees of tint. A phthalocyanine pigment of high 
tinctorial strength, Heliogen Green is supplied in a variety of powder, 
paste, and presscake forms as well as shades to meet the require- 
ments of different applications. 

Besides outstanding fastness to light, the Heliogen Greens display 
remarkable stability to acids, alkalis, aromatic solvents, aliphatic 
hydrocarbons, alcohols, ketones, esters, turpentines, varnishes, and 
vegetable and mineral oils. 

Available as: Heliogen Green GA—Standard Shade « Heliogen Green GB—Blue 
Shade « Heliogen Green GY—Yellow Shade 

Write or call the GDC office nearest you for further information and technical 
assistance. 
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TO FIT YOUR REQUIREMENTS 


For you-An electrical grade PVC resin Series 
to enable you to: 


© Meet your most difficult specifications. 


® Operate at your most efficient 
grade resins to work in your product: ¢ Produce outstanding electrical products. 


© Free-flowing dry blends These four resins simplify your operation by 

© Extremely low gel count giving you a wide variety of molecular weights 

© Excellent color and clarity from one manufacturer. You are now able to 

© Uniform particle sise choose the molecular weight best suited to your 

© Freedom from fines own operating conditions. 

© Outstanding heat stability Help yourself to the benefits you can get from one 
of these four new electrical grade resins. 
Write today for free samples and specifications. 
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“See how much easier this flexible guard goes on!” John DePaulis 





Better vision, too. Because Spencer Nylon 


(left) demonstrates to John Cowden the extra “enefits of the is metal-tough as well as plastic-light, even 


Marietta football face guard, made from Spencer Nyion. 


thin guards give good protection. 


More Flexible Nylon Solves Molding Problem 


Special properties of Spencer Nylon give Texas product 


needed extra flexibility plus metal toughness .. . 


A perplexing problem recently faced 
Dr. M. T. Marietta, a Texas den- 
tist and manufacturer. Dr. Mari- 
etta had a molding problem requir- 
ing a material that was both 
flexible and tough. In addition, the 
material had to be lightweight and 
easy to mold. The solution he found 
may help you, too. 


His problem began the day that 
Texas Christian University’s star 
back, Lindy Berry, broke his nose 
and jaw in football practice. Soon 
after that, Berry appeared in the 
office of Dr. Marietta. Berry in- 
tended to play the season out, he 
declared, and he wanted a protec- 
tive guard for his broken bones. For 
this emergency, Dr. Marietta pro- 
duced a hand-made face mask. 
With it, Berry not only played out 
the season, but also made All- 
American. This was the beginning 


of what is now known as the Mari- 
etta Safety Mask Co., of Dallas. 


Most face guards of the past were 
steel, dip-coated with rubber. They 
were impractical and often danger- 
ous. Guards made of other plastics 
were so rigid that it was often hard 
to pull off the helmet without prac- 
tically disjointing the player’s ears. 
Then Dr. Marietta thought of 
nylon. He first tried an earlier-type 
nylon, but found the samples still 
too rigid. 


The final answer turned out to be 
new, easy-to-mold Spencer Nylon. 
Dr. Marietta finds Spencer Nylon 
flexible, lightweight and durable 
under playing conditions. He re- 
ports less breakage with nylon than 
with any other materials. With 
Spencer Nylon, he can make guards 
that are slim, smooth and attractive. 


SPENCER NYLON 


SPENCER CHEMICAL COMPANY 


GENERAL OFFICES: 


6 


DWIGHT BUILDING, 


KANSAS CITY 5, 


Players can see better, too, through 
these slimmer guards. Also, because 
Spencer Nylon is easy to dye, 
schools can have these bars dyed in 
their own school colors. And the 
superior design of the guard makes 
it easy to install on the helmet. 


The company started to make molds 
for Spencer Nylon face guards in 
November, 1957. The first guards 
came off in February. By the first 
of May, the firm was behind in 
their orders. General Manager John 
DePaulis believes the volume may 
amount to 100,000 the first year. 
In fact, such gear may soon become 
compulsory for all football teams. 


Your special needs may also find 
an ideal answer in Spencer Nylon. 
For complete information write: 
Spencer Nylon, Spencer Chemical 
Co., 516 Dwight Bidg., K. C. 5, Mo. 


SPENCER) 


MISSOURI 
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and products. The Society is incorpo- 
rated under the laws of the State of 
Michigan. 


Executive and Business Offices 
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Officers of the Society 
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All correspondence relative to busi- 
"4 of the Society, 
and like, 


Members should notify the business 
cee Se eee! advance of 
contemplated changes in address. 
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Membership in the Society is available 
to qualified § individ Inquiries 
save be addressed to the business of- 


Membership in the Society is extended 
to individuals who by previous train- 
ing or experience or by present occu- 
pation qualify them to ca out the 
odjectives of the Society. e privi- 
—< membership are designed to 

ce the professional standing of 
the individual member by encouraging 
participation in scientific and techni- 
cal programs and professional activi- 
ties; by developing close personal con- 
tacts and acquaintan ip between 
members; and by providing an oppor- 
tunity to administer the local and na- 
tional activities of the Society. 


Neither the Society of Plastics Engi- 
neers, Inc., nor the SPE Journal is 
responsible for the views expressed 
by individual contributors either in 
articles accepted for publication in 
the Jcurnal or in technical papers 
ier cman at meetings of the Society. 
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From the Editor’s Notebook 


Charles E. Rhine 


Constructive Criticism from Abroad 


A society should from time to time stop and ask itself, “Where 
are we and where are we going?” Do we maintain a development 
rate and professional standing comparable with the industry we 
represent? How well are we achieving our goals? Where do we 
stand in relation to similar societies in this country and abroad? 
These questions were answered by C. W. Welch, assistant editor, 
Plastics in a lecture before The Plastics Institute in London, en- 
titled “The Plastics Industry, Institute and Press,” and published 
in the April 1958 issue of its Transactions and Journal. Many 
sPpe’ers would do well to read this provocative article. 

In his lecture, Mr. Welch outlines the growth of the plastics in- 
dustry, the professional societies and the trade papers, and draws 
definite conclusions on the Institute’s position in all three cate- 
gories. In the case of the latter two, the spe fares a poor second 
according to Mr. Welch. To quote: “If we regard the U. S. plastics 
industry as being just over four times the size of that of tae U. K. 
in terms of materials produced, we should not be altogether wrong 
if we expected spe membership to be four times that of our Plas- 
tics Institute. In fact, the spe membership is roughly 5,500, about 
twice only that of ours. Furthermore, the spe has no examination 
system and a large proportion of technical papers read in the U. S. 
are under the auspices of the Society of the Plastics Industry, the 
U. S. counterpart of our Federation. In short, our own Institute 
is very nearly unique and certainly at this point in time well ahead 
of its nearest rival in terms of scope of activity.” 

Is he right? The answer appears to be both yes and no. In the 
first place, our membership as of June Ist was more than 6,300, 
and in recent years the membership of the spe has been growing 
at the rate of 20% annually. This, coupled with the fact that spr 
had its inception in 1942, whereas the Institute has been organized 
since 1930, indicates that we are quickly making up for our late 
start. The Plastics Institute’s 2,700 members are divided among 
8 sections, whereas spe has 40 and is adding more. 

On the point of volume of technical papers, here again we have 
made gains that do not seem to be understood generally. At our 
recent Annual Technical Conference more than 2,500 attended 
sessions in which 99 selected papers were presented. We are now 
holding six or seven Regional Technical Conferences annually, at 
which are presented a group of papers on a single subject or close- 
ly integrated subjects. At the monthly meetings of each of the 40 
Sections, one or more technical speakers are featured. Also, to han- 
dle the additional influx of papers, we are planning a second Na- 
tional Technical Conference for 1959. 

In the discussion following the presentation of his lecture, Mr. 
Welch stated “Briefly, I feel that the editors of the Journal of the 
Society of Plastics Engineers have a rather different object in view 
than is the case of those who are responsible for our Transactions. 
The primary objects of Transactions, as I understand them, are to 
publish Institute news. The SPE Journal, published monthly, is 
much more akin, in style and content, to the technical paper as we 
understand it, whereas, our Transactions follows the accepted pat- 
tern of the publication of learned societies the world over.” 

This statement may be true to a certain extent, but Mr. Welch 
fails to mention that we have other publications which serve at 
least in part the purpose of the Institute’s Transactions, such as the 
Preprint Books which provide a published record of all papers pre- 
sented at ANTEC and RETEC meetings. The SPE Journal utilizes the 
methods of publishing houses in that it searches the field to bring 
the membership the most valuable technical information regardless 
of its source 

However, Mr. Welch’s words to his fellow members apply 
equally well to us—“This does not mean that we should stand back 
bathed in rosy complacency, under the impression that all is well. 
For a critical examination of our own Institute indicates many 
areas where much remains to be done.” 














Plastic Drink Dispensers 
Take Rugged Fountain Use 


These attractive over-counter soft drink dispensers 
must resist impact, denting, corrosion, staining and 
scratching. So the Cornelius Company molds base, 
front and back panels of tough CYMEL® 1077 mela- 
mine plastic, which also provides the advantage of 
light weight—important in shipping and installing. 
Dispensers can be kept sanitary simply by washing 
with hot water and soap or detergent. Ordinary care 
will keep them bright and gleaming for a fountain’s 
lifetime. 


AMERICAN CYANAMID COMPANY 
PLASTICS AND RESINS DIVISION 
32-D Rockefeller Plaza, New York 20, N. Y. 


in Canada: Cyanamid of Canada Limited, Montreal and Toronto 


Lightweight and Portable— 
New Idea in Business Machines 


This midget Underwood Add-Mate electric adding machine weighs 
just 7% pounds. It can be toted easily from desk to desk or office 
to home, and slipped out of sight in a drawer when not needed. 
Contributing to its light weight, handy size, and durability is the 
attractive two-toned, two-piece housing molded of CyMAc® 201 
methylstyrene-acrylonitrile copolymer. This plastic is tough, hard, 
and resistant to heat, staining and denting. Unharmed by the 
diester lubricant applied to the mechanical assembly, the CYMAC 
housing has the extra advantage of chip-proof molded-in color. 
This elimination of finishing simplifies manufacture. 


Plastic Pipettes, Break-resistant and Boilable 


Break-resistant, glass-clear droppers that can be boil-steri- 
lized are among the growing number of products being made 
of versatile CyMAC 201 methylstyrene-acrylonitrile copoly- 
mer. Plastic Assembled Products, Inc. produces pipettes in 
sizes from 1% inches to 3% inches on high-speed injection 
molding machines, twenty-four units at a time. Dropper 
closures, in every color for quick product identification, are 
molded of Cyanamid’s BEETLE® urea molding compound. 





CcCWVYANANALI DD ‘Plastics 
and Resins 
Division 


Offices in: Boston + Charlotte + Chicago « Cincinnati + Cleveland + Dallas + Detroit + Los Angeles +» New York * Ookland « Philadelphia + St. Lovis + Seattle 
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MACHINE OF THE FUTURE, 


Says Federal Tool Corp. Molding Supt. Al Pickhardt: 
“We are so thoroughly convinced that our new H-P-M Model 800-P-200 
Preplasticizer is the machine of the future that we ordered another, 
larger machine (1500 ton, 300 oz.) just like it.” 


PART 


WEIGHT x 


SIZE 
MOLDED ON-+-P.w 


A new design concept in 
preplasticizing, this H-P-M 800- 
ton unit, with 225 H.P. system, 
provides an exceptionally high 
injection rate of 5,400 cu. in. of 
material per minute. It will 
increase the speed of large parts 
production for Federal Tool 
Corp., Chicago, by nearly 100%. 
It has a 54” stroke, 84” daylight 
and a mold mounting area of 
36”x55” . . . an ideal machine 
for large, deep parts such as the 
huge salt storage container for 
Culligan automatic water 
softeners shown at the right. 


H-P-M Model 800-P-200 Pre- 
plasticizing Injection Machine, 
@ new design concept in 
preplasticizing. 


This big laundry basket is 
molded by Federal Tool on 
the new H-P-M 200-oz. at ff 
the rate of over 2/minute. 


© 
eo 


H-P-M’s out in front in the booming plastics industry with new machines, 
new hydraulic systems, faster injection speeds . . . a machine for every 
molding job. If you're planning to mold it—H-P-M makes a machine to do it. 


Write today, for complete information, 
H625 


THE HYDRAULIC PRESS MFG. COMPANY 
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Here’s your answer 


to rising costs 


HOW D-M-E STANDARD MOLD BASES CAN KEEP 
YOUR MOLD COSTS DOWN DESPITE RISING 
COSTS OF STEEL, LABOR AND TOOLS 


Whether to make or buy an 
industrial product is one of the 
most important decisions any 
manufacturer continually 
faces. To accurately judge the 
economy in D-M-E Mold Base 
standardization, basic cost 
factors were analyzed dating 
back to the origin of Standard 
Mold Bases by D-M-E over 
15 years ago. The analysis 
is plotted on the graph shown 
below. How these factors af- 
fect the cost of the mold is what 
makes the important differ- 
ence in whether to make or 


buy Standard Mold Bases. 


Since 1944, the cost of steel has 
increased 179%; the hourly 
cost of labor has climbed 158% 
and the cost of perishable tools 
has gone up 129%! In the 
same period the net selling 
price of D-M-E Standard 
Mold Bases has increased only 
a fraction of these amounts. 


For the mold builder making 
his own mold bases throughout 
this period, rising steel, labor 
and tool costs are reflected in 


the increased cost of his own 
finished molds. The savings to 
the mold builder who long 
ago. recognized the advan- 
tages of Standard Mold Bases, 
become immediately obvious. 


The company using D-M-E 
Standard Mold Bases today 
not only saves money NOW, 
but can rely on a more stable 
cost factor for anticipated 
mold building programs. At 
the same time investment capi- 
tal is freed for equipment more 
suited to special requirements. 


Why it costs less to buy D-M-E standard mold bases than it does to make your own 
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in manutocture of molds. 
Standard Mold Bases. 
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STEEL COST—Based on actual cost figures for mold steel. 
LABOR COST—Bosed on octual Labor Rate plus Fringe Benefits | 


PERISHABLE TOOL COST—Based on actual cost of tools used 


D-M-£ MOLD BASES—Based on actual selling price of D-M-f 


et 




















% INCREASE SINCE 1944 














D-M-£ MOLD BASES 

















te 
is 


0 
a 
aa 








o8 8 8 8 




















ee 








=< 
1944 1945 1946 1947 1948 1949 1950 1951 1952 1953 1954 1955 1956 1957 1958 





WRITE FOR the April issue of 
the D-M-E News giving complete de- 
tails on “How to reduce mold costs’’. 
Or contact your nearest D-M-E 
Branch for the 170 page Catalog 
of Standard Mold Bases and Mold- 
makers’ Supplies. Start saving Now! 
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DETROIT MOLD 
ENGINEERING 
COMPANY 





Contact Your Nearest Branch For Faster Deliveries! 

@ DETROIT: 6686 E. McNichols Rd.—CHICAGO: 5901 W. Division St. 
HILLSIDE, N.J.: 1217 Central Ave.—LOS ANGELES: 3700 S. Main St. 

@ D-M-E CORP., CLEVELAND: 502 Brookpark Rd.—DAYTON: 550 Leo St. 

@ D-M-E of CANADA, TORONTO, ONT.: 156 Norseman Ave. 
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““A Superior Product, 


Supported by Expert Technical Service’”’ 


Why the American Hydroplane Corporation Chooses 
RCI EPOTUF Epoxy Resins 


“We listed the properties we wanted in epoxy mate- 
rials, and RCI came up with a resin to fit our needs.” 
Speaking is Robert Hobbs, president of the American 
Hydroplane Corporation, Coral Gables, Florida, an 
engineering firm specializing in the design and con- 
struction of custom and prototype boats. 


An unusual case? Not at all. It merely demonstrates 
the kind of helpful cooperation that you, too, can 
expect from RCI... plus a resin that suits your require- 
ments to perfection. 


As Mr. Hobbs put it: “The durability and depend- 
ability of RCI Epotur Epoxy Resins are very essential 
requirements in our production, of course. But another 
important reason why we use Reichhold resins almost 
exclusively (both epoxy and polyester) is the constant 
technical service provided by the Reichhold organiza- 
tion.” 


Perhaps the several advantages of Epotur Epoxy 
Resins—their toughness, superior bonding, non-running 
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after application —can help on one or more of your 
applications. Add to this two further “plusses”—expert 
technical assistance and fast delivery anywhere in the 
country — and you have ample reason for doing busi- 
ness with RCI. 


eS 
REICHHOLD 


Synthetic Resins « Chemical Colors « Industrial Adhesives * Phenol 
Hydrochloric Acid « Formaldehyde « Glycerine » Phthalic Anhydride 
Maleic Anhydride « Sebacic Acid * Ortho-Phenylphenol « Sodium Sulfite 
Pentaerythritol * Pentachlorophenol « Sodium Pentachlorophenol 
Sulfuric Acid « Methanol 


REICHHOLD CHEMICALS, INC., 
RCI BUILDING, WHITE PLAINS, N.Y. 


Creative Chemistry... Your Partner in Progress nep 
ll 
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These rigid vinyl compounds just 
announced by Bakelite Company out- 
perform any other rigid vinyl on the 
market today! Greater resistance to 
chemicals—better heat stability—as much 
as 100% faster extrudability, with better 
surface smoothness — all these, and other 
advantages are offered by both materials. 

QGD.-5020, a modified Type Ii rigid 
vinyl, offers a new, high impact strength, 


12 


making it one of the toughest plastic 
materials commercially available. 

Both materials are exceptionally free- 
flowing. QGD-5010, with outstanding 
chemical inertness, will find widest ap- 
plication in commercial and industrial 
corrosion-resistant pipe. 

In addition to standard pipe applica- 
tions, the QGD-5020 compound is a 
superior general purpose extrusion 


material for contour applications such 
as channels and framing members for 
windows and storm sash, electrical con- 
duits, down spouts and gutters, fountain 
pen and automatic pencil barrels, and 
many more! 
= 2 

Complete details on both compounds 
are given in new technical bulletins. 
Write today to Dept. SJ-32. 
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VINYL COMPOUNDS 


and all-purpose extrusion 


| Betrudability/ 


| QGD QGcpD 
— 5010 5020 





























TYPICAL PROPERTIES 





. Specific Gravity . 1.38 1.313 
~*~ o- Heat Distortion, deg. C. 70 69 
: lzod Impact ........ 6 24-30 
—, *S Rockwell “R” ........ "1s 107 
oe Tensile Strength, psi 8500 6500 
4 Elongation, % .. 50 30 
Flexural Strength, psi 11,800 10,000 
Flexural Modulus, psi 450,000 357,000 

Chemical Resistance, 30 day immersion test 
in Hg$O4, % change in flex. str. + 9.94 + 38 
in HySO«, % change in wt. + 08 + 452 
in Glacial Acetic Acid, % change in flex. str... — 42.7 — 68. 
in Glacial Acetic Acid, % change in wt. + 7.41 +178 


‘ff BAKELITE pee 


BRAND 
. RIGID VINYLS  Preducts of —(xlghAbedieaem §Corporation 


BAKELITE COMPANY, Division of Union Carbide Corporation, 30 East 42nd Street, New York 17, N. Y. 
In Canada, Bakelite Company, Division of Union Carbide Canada Limited, Toronto 7 
2032 The terms Bake.ite and Union Carsive are registered trademarks of UCC, 
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POLYETHYLENE EXTRUDER - LAMINATORS 
FOR LABORATORY OR PILOT PLANT. 
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COMPLETELY PACKAGED UNIT 





NEOPRENE PRESSURE ROLL WITH WATER BATH SRACKETED REROLL WITH 
. PATENTED LAMINATING NIP ADJUSTMENT BRACKETED UNROLL WITH 
CF, 2" ELECTRICALLY HEATED EXTRUDER 
, SILICONE ROLL (OPTIONAL) ° 
MASTER CONTROL PANEL 
MANIFOLD TYPE FILM DIE WITH ALUMINUM 
SPECIAL COOLING ROLL WITH RECI 
24” WEB WIDTH—UNIT SHO 


WRITE, OR PHONE RANDOLPH 2-0200 
FOR COMPLETE INFORMATION 
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PRODEX 














The combination of a 
extrusion screw with 





VALVE gives these edventiied 


HIGH OUTPUT. The rear screw determines the high output rate of this machine because it is 
not subjected to die back pressure. Easy valve adjustment permits the same output rate (Ibs./hour) 


for a wide range of die openings. 


CLOSE TOLERANCES. Since the front screw is fed a hot melt of uniform viscosity, a 
constant pumping pressure is easily mointained by valving, resulting in close tolerances. 


NO POROSITY. Venting with or without vacuum continuously extracts air, moisture, monomer 
and other volatiles. High volatile €Ontent can be readily removed. 


BETTER DIGPERSION., Two stage extrusion with intermediate relaxation and reorien- 
tation provides high intensity mixing. Valving permits controlled mixing in front screw. 


DRY COLORING, Dry colored compounds are directly extruded into shapes and sheets on 


success- extrusion from vinyl dryblend as well as in a wide 
variety of process applications where monomer, 

without solvents or moisture must be removed in large 
quantities. 





now use, the PRODEX extruder will help you get 
Uction-line demonstration today with your material. 


0a installations for sheet, film, pipe, wire and cable, 
P ding and laminating. PRODEX extruders 
@re available in 1%" 2%" 7 3%", 4%", 6" and 8” sizes. 


PRODEX CORPORATION 


FORDS, NEW JERSEY -: Hillcrest 2-2800 


Manufact f Process and Extrusion Machine 
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small, preplasticizing-type 
injection molding machine 


Meet the Watson-Stillman PE-15... industry's first preplas- 
SPECIFICATIONS ticizing-type injection molding machine in a size as small 





as 15 ounces. 

This little ee. like its brothers in the larger-capacity 
Serche of tedection #8 9 sizes, is a valuable production unit. For the first time in 
ee: small-machine design, you get the added advantages of 
Clamping Capacity . . . . 215 tons preplasticizing: shorter cycles, better control of shot thick- 
, se ness and lower injection pressures. 
en If you’re in the market for a small machine with added 
Daylight Opening 24” get-up-and-go, investigate the PE-15. Write today for a 
Minimum Die Thickness . . 12” quotation and complete specifications. 


Maximum Die Size 16” x 25” WATSON-STILLMAN PRESS DIVISION 
FARREL-BIRMINGHAM COMPANY, INC. 
565 Blossom Road, Rochester 10, New York 
Telephone: BUtler 8-4600 
Plants: money and Derby, Sate hepebiee oe ty aonten, “4 > 
Watson-Stillman. ‘i first in European ce: Piazza . Milano, Ita’ 
r Represented in Canada by Barnett J. Danson, 1912 Avenue Read, 
preplasticizing machines. Toronto, Ontario 
Represented in Japan by The Gosho Company, Ltd., Machinery 
Department, Tokyo, Osaka, and Nagoya 


WATSONW-STUMMAW 
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Maximum Amount of 
Material Per Shot. . . . 15 ounces styrene 
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Radiation Damage to Plastics 


Changes due to either dose or dose rate proved not significant on 
a number of plastics; however, silicone rubber samples had lower 
ultimate elongation and Teflon showed an increase in strength. 


D. M. Newell 


Convair, Division of General Dynamics Corp., 
Fort Worth, Texas 


HE GODIVA ASSEMBLY lo- 

cated at the Los Alamos Scien- 
tific Laboratory was recently made 
available to outside agencies for 
high dose-rate experiments (Ref. a : 
1). Recently, Convair-Fort Worth, . 
the Sandia Corporation, and IBM “, Sh DD 
jointly conducted an irradiation ex- a, a 
periment using Godiva II. In the eM a 7 ~~ : 
Convair portion of the experiment ‘ | 
a number of plastics, elastomers, t-" + 
and electronic components were ir- 
radiated in an exploratory experi- 
ment which will be used to separate 
the effects of dose rate and total 
dose. 

This paper presents the results of 
the high dose-rate exposure ob- 
tained on the following types of 
plastics: Teflon, nylon, Panelyte 
190, Plexiglas II, Hexcel Aerobond 
422 Metal Adhesive, Silastic DC 
7170, and wire insulation DC 422A Figure 1. Convair, Sandia and IBM Godiva assembly. 


These materials were selected be- 
cause of their importance in the 
Weapon System 125A program. Ma- 
terials of low threshold damage \ 
wv rey 
A total of t t critical ——— 
ota 0 en rom critica 
bursts were sbtained in the two-day ° 100 200 300 0 20 40 60 
patted, The secenbly wes brought TIME (MICROSECONDS) —‘ TIME (MILLISECONDS) 
. 7 t a. INITIAL BURST b. DELAYED NEUTRONS 


were chosen because of the low to- 

tal dose available at Godiva. 

a solenoid-operated uranium rod. 

Figure 1 is a mock-up sketch show- Figure 2. Average fission rate of Godiva Il, prompt burst. 
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Figure 3. Godiva sample panels. 





MATERIALS AND TEST METHODS 


Material, Type, Size 


Teflon, %-in. sheet stock 


Plexiglas Il, Rohm & Haas 
lo”, MIL-P-5425 B 
Finish “A” 


Silicone rubber, Dow Corning 
DC 7170, 0.070-in. 


Nylon rope, %-in., AN-C-63 Bee II 
Cordage, Color No. 613 


Panelyte 190, MIL-P-15047, Fiber- 
reinforced phenolic 


Metal Adhesive, Hexcel Aerobond 
422 


Silicone varnish wire twistets, Dow 
Corning 422A (1364 Enamel) 


Test 


Tensile strength, elongation, stress- 


strain (ASTM D-638-42T) 


Optical transmittance, 400 my and 
500 mu, Beckman DK Spectropho- 
tometer; Izod impact strength, (Fed. 
Spec. LP 406B, Method 1071) 


Tensile strength, elongation (ASTM 
D412-41, (Die-C) ; hardness, Shore A 


Tensile strength, elongation, stress- 
strain (MIL-R-4398) 


Compressive strength (Convair 
Method MR-54-2, Appendix 1.6); 
Specific gravity (Fed. Spec. LP- 
406 B, Method 5011) 


Lap shear (FMS-0015, %-in. over- 
lap on 0.064 alclad aluminum) 


Preparation & destructive test 
(MIL-W-583-A, Section 443.1 & 
4.4.3.3); non-destructive test (AIEE 
No. 58, Sect. 111) 





Godiva Exposure Data 


Number 


Dist. from of 
Surface 


Materials 
Rack No. 


Bursts 


Integrated 
Neutron 
Flux 
(10'? nvt) 


Fast 
Neutron 

Flux 
10'*°n,V 


Total 
Gamma 
1¢°R 


1.46 
1.73 
4.10 
4.09 
3.85 
0.68 


Note: For purposes of simplicity in the calculation of the neutron flux, the 
dose for each burst was assumed to be uniformly distributed over a 


100-microsecond period. 





ing the assembly and surrounding 
sample array. The 60 Kg U** as- 
sembly is composed of a hemis- 
pherical upper half and a cylindri- 
cal lower half. The lower half is 
hidden by the Sandia test panel. 
The mass adjustment rod and 
prompt burst rod are driven up- 
ward into the assembly. Figure 2 is 
a plot of the fission rate for Godiva 
Il. The period of the burst was 
taken at half the maximum height 
of the curve and averaged 80 micro- 
seconds. Eighty percent of the fis- 
sions occur within 850 microsec- 
onds. The tail of the curve was due 
to delayed neutrons, and extended 
the detectable length of the burst 
to about 50 milliseconds. 


Materials and Physical Tests 


The material samples were ‘est 
specimens prepared according to 
ASTM and Federal Specification 
methods for physical testing. All 
tests, except electrical, were con- 
ducted from seven to nine days 
after irradiation. 

The samples were mounted on 
curved racks concentric with Godi- 
va (Figure 3). These racks were 
made in two sizes in order that 
they might be placed at different 
distances from the Godiva surface. 
Five samples of each type of mate- 
rial were attached to each of six 
racks. In addition five or ten sam- 
ples of each material were held for 
controls. Exposure of the materials 
varied in number of bursts as well 
as distance, and received a maxi- 
mum integrated fast-neutron flux 
of 1.46 x 10'* nvt. The average neu- 
tron energy was taken as 1.4 million 
electron volts. About 10% of the 
total absorbed dose was gamma, the 
gamma dose being 1.9 x 10* Roent- 
gens. 


Experimental Plan 


Each material was prepared with 
a minimum of five specimens for 
each sample rack. All control sam- 
ples, and samples to be irradiated, 
were randomly distributed with the 
exception of the metal adhesive 
samples. Because of the character- 
istic poor reproducibility in the 
preparation of adhesive samples, a 
special sample selection technique 
was used to minimize errors. The 
samples were selected from 13 pads 
cut into five samples each. 

The Izod impact samples of Plexi- 
glas II were adapted to the Beck- 
man model DK Spectrophotometer, 
and the percent transmittance was 
read 400 millimicrons and 500 milli- 
microns. These wave lengths are in 
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the range most sensitive to de- 
crease in transmission from a mixed 
field irradiation, according to tests 
conducted at Convair-Fort Worth 
(Ref. 3). 

Sample racks were placed at three 
distances from the surface of the 
Godiva assembly to obtain a factor 
of 6 difference in dose rate. The 
number of bursts to which the ma- 
terials were exposed varied from 
one to ten. This resulted in a factor 
of 5.4 variation in total dose. The 
sample rack numbers, positions and 
respective flux, and integrated flux 
values are given below. The units 
for integrated nuetron flux, nvt, are 
neutrons per cm?. The units for in- 
tegrated flux in gammas are Roent- 
gens (R). 


RESULTS 


No significant changes due to 
either total dose or dose rate could 
be detected in the following mate- 
rials: 

. Plexiglas II (Izod impact only) 
(Table II B) 

. Nylon rope (Table IV) 

. Panelyte 190 laminate (Table 
Vv) 

. Hexcel Aerobond 422 Adhesive 
(Table VI) 

. Wire insulation twistets, DC 
422A (Table VII) 


Dow Corning 7170 


The irradiated Dow Corning Si- 
lastic had a 15% to 30% lower ulti- 
mate elongation than the control 
samples. However, due to high sam- 
ple variance, the results are ques- 
tionable. (Table III) 


Pelxiglas Il 


The optical transmittance of 
Plexiglas II (Table II A) was re- 
corded before and after irradiation. 
The samples were read from five 
to seven days after irradiation. 
The physical testing was completed 
between seven and nine days after 
irradiation. All results were ana- 
lyzed statistically to determine the 
significance of the changes which 
occurred. The control samples ex- 
hibited an average increase of 1.38% 
transmittance at 400 millimicrons 
and 1.04% at 500 millimicrons. This 
change was due principally to op- 
tical adjustments of the spectro- 
photometer made between the read- 
ings. These correction factors, along 
with the variances, were used in 
normalizing the radiation effect in 
Plexiglas 

The Plexiglas darkened somewhat 
with increasing dose, to a maximum 
loss of 2.1% transmittance at 400 
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TABLE | 
Teflon Tensile Strength 
ASTM — D638 — 42T 


Ultimate Tensile Strength 
Mean Signifi- Mean & Signifi- 
95% C. I. cance 95% C.1. cance 
psi % 
Control 2460 + 51 300 + 79 
(4 samples) 
1 2360 + 41 320 + 49 NS 
(5 samples) 
2410 + 139 
(5 samples) 
2680 + 104 290 + 7 NS 
(4 samples) 
2670 + 147 
(5 samples) 
2600 + 203 260 + 25 NS 
(5 samples) 
2650 + 146 Ss 200 = 
(4 samples) 


Ultimate Elongation 


Irradiation 
Rack N 0. 


340 + 25 NS 


190 + 15 Ss 


58 S 


S-Significant on the 95% confidence interval with respect to the control 
NS-Not significant 
Jaw separation rate—6 in./minute. 





TABLE IIA 
Optical Properties of Plexiglas Il 
Change in °/, Transmittance (Normalized to the Controls) 
5 Samples Per Rack 
Change in Transmittance 
400 mu 


Irradiation 


2.10 
—1.84 
-1.82 
—1.72 
—0.96 
—0.40 





TABLE IIB 
Plexiglas II 


Izod Impact Test 
Irradiation Number of 
Rack No. Specimens 


Impact Resistance 


in.-Ibs./in, 
Control 3.26 

1 3.21 
2.86 
3.32 
3.43 
3.19 
3.34 


NOTE: In cases where the number of samples was less than 5, the missing 
samples did not fit the test fixture. 











my. Due to a light refraction prob- 
lem, caused mostly by surface 
TARE 1" roughness of the samples, no statis- 

ASTM D412-41, Die C to the individual groups. The means 

of all groups of irradiated samples 

=— Ultimate Ultimate did read a lower percent transmit- 
Irradiation Tensile Strength Elongation, tance than did the control samples. 
—o _Mean + 95% C. I. Mean ‘ometer No dose-rate effect could be found. 


psi % 


Control 690 + 126 Teflon 
4 i 
: is og - The tensile specimens of Teflon 
1 660 + 54 
(4 samples) showed significant changes in both 
2 520 + 230 ultimate strength and stress-strain 
(5 samples) (Table I). The Teflon underwent an 
675 + 126 increase of 12% in ultimate strength 
(4 samples) at the lower doses, falling off to the 
645 + 165 original strength at 1.46 x 10'* nvt. 
(5 samples) The four sample means at the high- 
610 + 102 er ultimate strength values were all 
highly significant at the 95% con- 
(5 samples) 
640 + 102 fidence level. The general reference 
literature on irradiation of Teflon 
(5 samples) 

(Ref. 2) at reactor dose rates does 
not show an increase in strength 
prior to the net cleavage point. 
However, this increase has been 
found in other plastics, and is usu- 
ally attributed to cross-linking. The 
measurements for the abscissa of 
the curves for combined neutron 
and gamma field were based on tis- 
laren sue dose methods. There is some 

100% STRAIN evidence of a dose-rate effect in 
50% STRAIN Tefion, as shown in Figure 4. The 
0 197 x 10° nvt oe" Sap at pa carne in 
ensile stren at a lower total dose 
- 040 ry 19 x 10°R-Gamma than did the high dose-rate sam- 
ame 150% CONTROL ' ples, then appeared to fall off more 
, reer Seat Ged Hs? quickly. It appears that samples of 
the same total dose undergo less 
! effect at the high dose rate than at 
the low. This data should be ex- 

poo 1()() % CONTROL tended to greater doses to see at 


pes 5()7, CONTROL which point the high dose-rate 
’ i curve follows the low dose-rate 


curve. The variation in ultimate 
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Figure 4. Teflon, tensile strength. 
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Figure 5. Teflon, stress-strain. Figure 6. Teflon, stress vs. total dose. 
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elongation could not be interpreted, 
but the stress-strain curves them- 
selves were very significant (Fig. 5). 
The samples receiving high total 
doses at the lower dose rate (racks 
1 & 2) were the only ones that ex- 
hibited lower stress values than the 
control samples. 

The stress values for the 50 to 
150% elongation points showed the 
greatest variation between doses 
and were somewhat higher at the 
low doses than at the high doses. 
This is best shown in Figure 6. The 
stress value at 50% elongation for 
1.31 x 10'* nvt samples is 17.7% 
higher than for the control. At 150% 
it is still 14.4% higher than for the 
controls. Tests in which the same 
total doses are obtained at much 
lower dose rates are in progress to 
determine whether there is actually 
a dose rate effect. The above data 
indicate a decreased effect at the 
higher dose rates. 
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TABLE VI 
Hexcel Aerobond 422 
Lap Shear Strength 


FMS-0015 
5 Specimens Per Rack 


Load to Failure, 

Mean 

psi 
Control 2577 
1 2553 
2459 
2693 
2541 
2656 
2363 


Irradiation 
Rack No. 





TABLE IV 
Nylon Rope 
Tensile Strength MIL-R-4398 
2 Specimens Per Rack 


Ultimate Elongation, 
Mean 


Ultimate Tensile 
Strength, Mean 


Irradiation 
Rack No. 


psi % 
585 + 41 
(3 samples) 
562 
556 
556 
542 
559 
None Irradiated 


Control 





Rack No. 


TABLE V 
Panelyte 190 
Compressive Strength — Convair Method MR-54-2, Appendix 1.6 


Specific Gravity, 
Mean 


Ultimate Compressive 
Strength, Mean + 95% C. L. 


Irradiation 








psi 

19,000 17,500 

(10 samples) 

1 18,500 + 39,000 
(5 samples) 

2 19,500 + 1,300 
(5 samples) 
23,000 + 3,800 
(5 samples) 
19,300 + 3,100 
(5 samples) 
19,000 + 2,100 
(5 samples) 
18,500 + 2,000 
(5 samples) 


Control 





TABLE Vil 
Silicone Varnish Wire Twistets 


Electrical Test Non-Destructive AIEE No. 58, Sect. lil. 
Electrical Test Destructive MIL-W-583-A, Sect. 4.4.3.1 and Sect. 4.4.3.3. 


5 Specimens Per Rack 
Destructive-Test 
Breakdown, 
Mean + 95% C.L. 
Kv 


2+08 
1+ 09 
Ax 0.6 
A+08 
2 
A 
39 


Non-Destructive 
1000V 


Irradiation 
Rack No. 


Control 


+ 0.4 
+ 2.2 
£12 





SPE JOURNAL, July, 1958 





Cure Shrinkage of Epoxy Systems 


The differences in shrinkage resulting from the use of various curing 


agent combinations is ;2und to be less pronounced after gelation. 


Harvey L. Parry* 


and 


Harold A. Mackay** 


HE CHANGE in volume that a thermoset resin 

undergoes during the curing reaction is a funda- 
mental and important characteristic of the resin system. 
The dimensional changes are important per se in such 
operations as tooling with plastics. In encapsulating and 
laminating the dimensional changes are not as impor- 
tant in themselves as are the stresses set up in the 
cured resin as a result of shrinkage. 

When these aspects of shrinkage are considered it 
becomes apparent that from a practical point of view 
the most important phase of the shrinkage to measure 
(and, hopefully, to control) is that which occurs after 
gelation. It is this portion of the shrinkage which in- 
troduces stresses and it is this portion which causes 
the dimensional changes so important to plastic tooling. 
It is equally apparent, again from a practical viewpoint, 
that the field of plastic tooling is concerned primarily 
with linear shrinkage after gelation. 

Despite this practical emphasis on shrinkage after 
gelation, worthwhile information should be obtainable 
from a shrinkage vs. time curve extending from initial 
mixing to final cure. 

If it is assumed that shrinkage is directly related to 
conversion then a shrinkage vs. time curve would be 
similar in shape and duration to a conversion vs. time 
curve. If it is possible to locate on the shrinkage/time 
curve the point of gelation then shrinkage after gelation 
is directly available. Shrinkage after gelation is mini- 
mized when gelation occurs late in the curing reaction. 

Exploratory work on the volume and linear shrink- 
age of an epoxy resin-aliphatic amine system has been 
reported by Lascoe.(1) The work reported here is an 
extension and refinement of Lascoe’s approach, but is 
limited to volumetric shrinkage. 


Test Procedure 


The resin used in all experiments was Epon 828, a 
typical low molecular weight bisphenol-A, epichloro- 
hydrin condensate manufactured by Shell Chemical 
Corporation. The diethylenetriamine (DTA), triethyl- 
enetetramine (TETA), metaphenylenediamine (MPD), 
and diethylamino propylamine (Curing Agent A) were 
commercial products. Curing Agents Z and D are prod- 
ucts of Shell Chemical Corporation. 

To eliminate thermal expansion effects in following 
shrinkage with time, precautions were taken to obtain 
isothermal curing conditions. Sample size was kept 
small even though this somewhat reduced the accuracy 
of measurements, and curing was carried out in a 
constant temperature water bath. 


*Shell Chemical Corporation, Union Technical Service Laboratory, 
Union, N. J. 
**Sandia Corporation, Albuquerque, New Mexico 
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A dilatometer was fabricated by bonding a 1.0 ml. 
graduated pipette to the dropping tube of a glass- 
stoppered dropping bottle using Epon Adhesive VI (see 
Figure 1). The assembly was then cleaned and the 
ground glass joint lubricated with stopcock grease. No 
release agent was applied to the bottle. This prevented 
the resin from pulling away from the bottle and form- 
ing air pockets but necessitated using a new bottle 
for each experiment. 

Resin, curing agent and dilatometer were brought 
to test temperature, and approximately 100 grams of 
resin-curing agent mixture was prepared. (When DTA 
is used as the curing agent, there is a noticeable heat 
of mixing; therefore, prior to mixing, the resin was 
cooled to about 5°C below the test temperature.) The 
resin-curing agent mixture was thoroughly mixed with 
a power stirrer for 1 minute and then centrifuged for 
2 minutes at 2000 rpm to remove air. Zero time was 
taken as the time at which mixing was started. 

About 20 grams of the resin mixture was weighed 
into the dilatometer bottle to the nearest 0.01 gram. 
The remainder of the bottle was then filled with light 
mineral oil up to the base of the neck. The pipette was 
filled with oil to about the 0.4 mark and inserted in 
the neck of the bottle. 

The assembly was placed in a constant temperature 
bath and the first reading taken at 10 minutes from 
zero time. When working at 25°C, thermal equilibrium 
was probably established at this time; however, at 65°C, 
there was considerable question as to the accuracy of 
this reading despite the fact that all equipment and 
materials were preheated to the test temperature. 





2 OZ DROPPING BOTTLE | 





Figure 1. Dilatometer for resin shrinkage studies. 
SPE JOURNAL, July, 1958 





At the time of pouring the approximately 20 grams of 
mixture into the dilatometer, and before weighing this 
charge, a similar amount of mixture was placed in a 
50 ce beaker. A brass tube mold was also filled with the 
resin mixture. This mold consisted of a 5-inch length 
of brass tubing with a %” inside diameter lubricated 
with mold release. The bottom of the tube was plugged 
with a rubber stopper. 

The beaker and the brass tube were placed in the 
bath at the same time as the dilatometer. The contents 
of the beaker was checked at frequent intervals with 
an applicator stick to determine the time of gelation. 
The brass tube was left in the bath for the duration 
of the experiment and the plug of resin then removed 
and weighed in air and in water to determine the 
density. 

In the initial experiment with each curing agent, a 
thermocouple was placed in the beaker to observe the 
exotherm. This exotherm did not exceed 2°C when the 
test temperature was 25°C, but was as high as 10°C 
at a test temperature of 65°C. 

The original density, and hence volume, of the sample 
in the dilatometer was calculated from the densities of 
the resin and the curing agent, assuming no volume 
change on mixing. The validity of this assumption was 
checked in a separate experiment in which the density 
of a resin-curing agent mixture was determined with 
a Westphal balance after several time intervals and 
extrapolated back to zero time. 


Results 


Figures 2, 3 and 4 give typical shrinkage vs. time 
curves for the systems investigated. These curves are 
based on readings taken every 10 minutes and are 
highly reproducible. Table I lists the results of repeat- 
ability experiments at 25°C and 65°C. 

As the data show, both the gel time and the shrink- 
age values are quite reproducible. As a check on ac- 
curacy the total shrinkages obtained in the dilatometer 
were compared to total shrinkage as calculated from 
density change. The agreement was only fair, as shown 
by the data in Table II. In all but one case a higher 
shrinkage was observed in the dilatometer than was 
shown by the density change of a %-inch diameter 
plug. This difference may be due to the geometry of 
the containers involved. During cure, the specimens 
for density measurement have only a %-inch diameter 
free face for a total sample volume of about 10 cc, 
while the dilatometer provides a 2-inch diameter free 
face for about 18 cc of sample. It is reasonable to 
assume that this results in greater restraint of shrink- 
age for the %-inch diameter plugs during the soft gel 
stage. 

Turning again to Figures 2, 3 and 4, several interest- 
ing observations may be made. Figure 2 shows that 
although the total shrinkage of DTA and TETA differ 
significantly, their shrinkages after gelation are essen- 
tially identical. Presumably, the higher total shrinkage 
of the DTA system indicates a greater degree of re- 
action. It could be reasoned that the smaller molecular 
size of DTA as against TETA allows the system to 
proceed to a higher degree of conversion before im- 
mobility terminates the reaction. This same effect would 
delay the gel point to a higher degree of conversion. 
One point is quite plain from the curves—DTA cures 
more rapidly than TETA, or, perhaps more precisely, 
DTA shrinks faster. 

The DTA curve does not agree with that previously 
reported,(1) despite the reproducibility of both the 
previous data and the data reported here. It is also 
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2. Dilatometric shrinkage at 25°C of aliphatic 
systems. 
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Figure 3. Dilatometric shrinkage at 65°C of aromatic 
amine systems. 








TABLE | 


Measurements 
Repeatability of Dilatometric Shrinkage 


Gel Time Volume Shrinkage 


Sysiem (1) (minutes) After Gel Total 


20 phr Curing 116 2.31 
Agent Z, cure 112 2.29 
at 65°C 110 2.34 


5.75/24 hr. 
5.72/24 hr. 
5.79/24 hr. 


4.33/48 hr. 
4.30/48 hr. 
4.21/48 hr. 


8 phr DTA(2), cure 130 2.08 
at 25°C 130 2.00 
130 1.96 


(1) phr—parts curing agent per 100 parts resin, by 
weight 
(2) DTA—diethylenetriamine 








interesting to note that the observed volume shrinkage 
after gelation of 2% would correspond to a linear 
shrinkage of 0.66% or 0.0066 in/in. while direct linear 
shrinkage measurements by Lascoe gave 0.001 in./in. 
It would appear that 1/3 of the volume shrinkage only 
can be taken as the limiting value for linear shrinkage. 
In actual practice linear shrinkage will always be less 
than this amount due to preferential shrinking from 
the open face. 

Figure 3 shows that the aromatic amines cause higher 
total shrinkage than aliphatic amines. If it is assumed 
that the reaction mechanism is the same for both aro- 
matic and aliphatic amines, and if it is further assumed 
that the products are essentially the same, betahydroxy- 
amines, then Figure 3 indicates a higher degree of 
conversion for aromatic amines at 65°C than for ali- 
phatic amines at 25°C. 

Why the curves for the two aromatic amines should 
show an inflexion while those for the aliphatic amines 
do not, is not apparent. In the previous work(1) an 
inflexion was observed in the DTA curve. 

Figure 4 presents two intriguing curves. The Curing 
Agent A (diethylaminopropylamine) curve is a straight 
line for 85% of the shrinkage. The exact meaning of 
this from a kinetic point of view cannot be established, 
but it is plain that this curing reaction is different from 
that of DTA or metaphenylenediamine. 

The meaning of the Curing Agent D curve is un- 
mistakable. Curing Agent D is a salt of an organic acid 
and a tertiary amine. It has been previously postulated 
(2) that in the presence of an epoxy group the dis- 
sociation of this salt is enhanced by the irreversible 
reaction of the acid with the epoxy group. It has also 
been shown(3) that under the conditions that existed 
here the epoxy group would react preferentially with 
the acid until the acid was all consumed. The double 
curve then must trace the shrinkage of the two suc- 
cessive reactions. 

During the early part of this work an apparent 
anornaly was observed. When densitv specimens cured 
with metaphenylenediamine at 65°C were heated to 
150°C for two hours there was a decrease in density. 
A careful recheck of the experiment showed that the 
density decrease was not due to weight loss, but to 
volume increase. Simple calculation: showed that this 
increase was because the semi-cured resin had a higher 
coefficient of thermal expansion than the post cured 
resin. Hence, the expansion on heating was greater 
than the contraction on cooling. 
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Figure 4. Dilatometric shrinkage at 65°C of tertiary amine 
systems. 





Conclusions 

A. Dilatometric measurements of epoxy resin cure 
shrinkage are highly reproducible but the results 
are in only fair agreement with shrinkage obtained 
from density change. 

. Different types of amines give different total volume 
shrinkages: differences in shrinkage after gelation, 
while still measurable, are less pronounced. 

. The shape of the shrinkage/time curve differs 
markedly from one type of amine to another and 
may offer information on the nature of the curing 
reaction involved. 
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TABLE it 


Comparison of Dilatometric Shrinkage with Density Change 


Density of 
Bath Mix at Bath 
Temperature Temperature 


“| g/cc 
8 phr DTA(3) 25 1.1478 
10 phr TETA(4) 25 1.1458 
20 phr “Z” 65 1.1341 
14.5 phr MPD(5) 65 1.1333 
8 phr DEAPA(6) 65 1.1018 
10.5 phr “D” 65 1.1152 


System (1) 


(1) phr—parts curing agent per 100 parts resin, by weight. 


Final Density 


Temperature 


Volume 
Shrinkage 
After 
Gel by 
Dilatometer 


at Bath Total Shrinkage, % Vol. (2) 





Density Dilatometer 
g/cc % Q% o% 
1.1980 4.2 43 2.0 
1.1959 4.0 3.8 1.9 
1.1993 5.4 5.8 2.3 
1.2037 5.9 6.1 2.9 
1.1730 6.1 6.2 2.9 
1.1723 48 5.4 2.9 


(2) Values determined after 48 hours at 25°C for DTA and TETA, and after 24 hours at 65°C for other systems. 


(3) DTA—diethylenetriamine 
(4) TETA—triethylenetetramine 


(5) MPD—metaphenylenediamine 
(6) DEAPA—diethylaminopropylamine 
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Tensile Properties of Fractionated 


High Density Polyethylenes 


L. H. Tung 
Polychemicals Research Department 
The Dow Chemical Company 
Midland, Michigan 


N ORDER to understand the properties of a plastic 

material, it is often desirable to know the effect of 
molecular weight or other molecular features on these 
properties. In the case of high density polyethylene 
such an investigation is complicated by the complexity 
of the molecular weight distribution of the polymer. 
Two samples may have the same average molecular 
weight, but widely different properties. To overcome 
such complications, fractionated samples of high density 
polyethylenes were studied in the present work. The 
tensile properties such as yield strength, ultimate 
strength, tensile modulus, elongation, and tensile impact 
strength of the fractions, as well as the whole polymer, 
were measured. The effects of molecular weight and 
crystallinity on these properties are discussed. 

Since Professor Ziegler announced his low pressure 
process of ethylene polymerization to produce high 
density polyethylene a few other low pressure processes 
have been made known. Minor molecular structural 
differences are expected to exist among the products 
from these different processes. It is not the intention of 
the present work to compare exhaustively the tensile 
properties of fractions from every known low pressure 
process. However, it is felt that the differences among 
various types of high density polyethylene are small 
enough to permit application of the present conclusions 
to all high density polyethylones 


Fractionation Procedures 


Most of the samples used in the present work were 
Ziegler-type polyethylene. The fractions were obtained 
by the partial precipitation technique. A 1% xylene 
solution of the polymer was prepared and the partial 
precipitation was effected at 130°C by the addition of 
small amounts of triethylene glycol. A total of about 
ten cuts was collected. The process was repeated about 
four or five times until enough material of each fraction 
was obtained. The cuts of corresponding molecular 
weights were then grouped together. Each combined 
fraction was redissolved in a solution of concentration 
less than 0.5 gram per 100 ml and was refractionated 
into three fractions. The top and the bottom f-actions 
were discarded and the middle fraction was used for 
the various tests. A graphical scheme of the fractiona- 
tion is shown in Figure 1. The weight average to number 
average molecular weight ratios of these fractions were 
estimated to be about 1.2 to 1.5. They were much nar- 
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rower than the original whole polymers in which the 
ratios are known to be as high as 10 to 20. 

The molecular weights of these fractions were deter- 
mined from intrinsic viscosity measurements in tetralin 
at 130°C using an intrinsic viscosity-molecular weight 
relationship determined (1) in this laboratory. 

[~] = 5.10 x 10-* M®-725 

Besides the true molecular weight of the fractions, 
nominal molecular weights are given. The nominal 
molecular weights were calculated from the intrinsic 


FRACTIONATION SCHEME 


Figure 1. 


STRESS - STRAIN 


T 


STRESS, psi 





viscosity~molecular weight relationship for low density 
polyethylenes. This is the conventional scale which has 
— used by many suppliers of high density polyethy- 
enes. 


Sample Preparation 


Most of the tensile properties investigated were de- 
termined on a conventional tensile testing machine. 
The samples were compression molded since there was 
not enough material for injection molding. They were 
molded to approximately %” thick, 4” long, and %” 
wide. The molding temperatures and molding pressures 
depend on the molecular weight of the samples. Typical 
examples are shown in Table 1. 

Each sample, after being properly conditioned, was 
cut into a dumbell shape with a straight narrow section 
Ya” wide and 14%” long. Because of test material limita- 
tions, the ASTM standard specimen size was not 
used. Samples of unfractionated whole polymers were 
prepared in the same way. 

The specimens for tensile impact tests were also 
compression molded and then cut to size. The dimen- 
~ ¥ of these specimens have been described by Bragaw 


The Stress-Strain Curves 


The testing machine used was the Thwing-Albert 
tensile tester, Model 49-RC. No extensometer was used. 
The elongation was based on an initial length of 1%” 
which was the length of the straight narrow section of 
ae dumbell test specimen. The crosshead speed was 

ipm. 

It was found that fractions of molecular weight below 
15,000 were very brittle and had no strength at all. 
Figure 2 shows the stress-strain curves of four fractions 
of different molecular weights. The first specimen of 
molecular weight 27,000 broke before it reached the 
yield point. The second sample of molecular weight 
34,000 showed neck-down after the yield point. The 
sample then elongated at almost constant stress until 
it broke. This type of stress-strain curve is typical of 
unfractionated high density polyethylenes of higher 
molecular weights. The third sample of molecular weight 
63,000 also necked down after passing through the yield 
point. This neck-down was followed by a second and 
a third neck-down region as the stress continually in- 
creased. The sample was finally stretched to the limit 
of the machine and was never broken. The fourth 
sample of molecular weight 165,000 showed no neck- 


EFFECT OF MOLECULAR WEIGHTS ON DENSITY 
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Figure 3. 
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Figure 4. 


down. The sample stretched uniformly until it broke 
at an ultimate stress more than twice the yield strength 
of the specimen. The neck-down regions of the earlier 
samples turned opaque as do all high density poly- 
ethylenes, whereas the last sample remained trans- 
lucent throughout the test. 


Tensile Moduli 


The measurements of tensile 





TABLE 1 


Conditions for the compression molding of high density polyethylene fractions. 


Molding Molding 
Temp. 


Nominal Mol. 
Intrinsic. Viscosity Mol. Wt. wt. 


[nm] dl/g. 


0.20 3,500 
0.30 5,600 
0.40 8,400 
0.49 10,500 
0.65 14,700 
0.84 19,000 
1.01 
1.55 
3.10 


modulus posed a unique problem in 
the present work. Without an ex- 
tensometer on hand which fitted 
the 4 inch test bar, accurate ex- 
tension could not be calculated from 
Pres. the stress-strain curves. The method 

' of Smith (3) was first tried in order 
psi. to determi-e an effective gauge 
840 length which could be used to cal- 
840 culate the true elongation. This 
method failed because, unlike the 

case of polyisobutylene investigated 

by Smith, a constant effective gauge 

length could not be found for high 

density polyethylenes. Furthermore, 

the true stress-strain curves deter- 

mined at a crosshead speed of 0.2 

ipm had almost no linear section, 

and the determination of a tangent 
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TABLE 2 
Tensile Properties of High Density Polyethylene Fractions 


Nominal 
. Mol. Wt. 


Fractions Mol. Wt. 


[1] dl/g. 


3.10 
1.55 
1.01 
0.84 
2.47 
2.64 
1.92 
1.60 
1.37 
1.01 


BS BS BS 89 BS BD bt bt bs be 
' ' ' 
our WON. & OO te 


' 1 ' 


Density 


Total Tensile 
Elongation Modulus 
psi x 10-5 


Vield Ultimate 
Strength Strength 
psi psi % 
0.936 2,470 5,310 985 ““% 
0.942 2,730 3,660 1,630 1.24 
0.949 . 1,680 210 1.67 
0.953 ert 17 1.71 
0.954 . 5,000 973 1.72 
0.952 . 3,280 680 1.60 
0.956 ' 2,450 1.78 
0.957 , 2,780 1.94 
0.959 * ae 2.03 
0.963 ' Nin 2.04 





to this curve was rather inaccurate. For thi lack of a 
better method, the moduli in the present work were 
measured by a flexural method proposed by Rudd for 
polystyrene (4). The method was similar to the con- 
ventional flexural method except the load was applied 
statically and the deflection was observed by a cathe- 
tometer. As it is well known that polyethylene creeps 
under a static load, the deformation measured was the 
initial rapid deformation. This was by no means a 
very satisfactory method. Nevertheless it gave a 
measure of the relative stiffness. The modulus of one 
of the fractions was also measured by the tensile test 
method at a crosshead speed of 0.2 ipm while the elon- 
gation was laboriously followed by photographing the 
gauge marks printed on the specimen. The moduli 
measured by the two methods differed by about 12%. 


Tensile Impact Tests 


This method of measuring impact strength was pro- 
posed by Bragaw (2). It was used here in preference 
to the Izod impact test because of its better reproduci- 
bility. The testing machine was a modified Tinius Olsen 
Impact machine. The tensile impact strength is ex- 
pressed as the ratio of the energy required to break 
the specimen to the active volume. 


Discussion of Results 


Table 2 shows the tensile properties calculated from 
the stress-strain curves and the tensile moduli of the 
fractions. The elongation and ultimate strength in Table 
2 are shown to increase rapidly with increasing mole- 
cular weight of the fractions. These same quantities 
increased much more slowly with respect to the mole- 
cular weight for the whole polymers as shown in Table 
3. Since these rupture properties are influenced very 
much by flaws in the specimens, without a larger num- 
ber of measurements the data here gave only a quali- 
tative description. Nevertheless, it can be concluded 
that the percent total elongation and ultimate strength 
were functions of both the molecular weight and the 
molecular weight distribution. For samples of the same 
average molecular weight these properties were favored 
by narrower molecular weight distribution. 

The yield strength and the tensile modulus on the 
other hand, as showr in Table 2, decreased with the 
increase of molecular weight or the fractions. However, 
the density also decreased with the increase of molecu- 
lar weight. Besides the influence of some structural fac- 
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tors such as chain branches and unsaturation, the length 
of chains also seemed to influence the density or the 
degree of crystallinity of these high density polyethy- 
lenes. Figure 3 shows the plot of density vs. molecular 
weight of the fractions. The two curves represent frac- 
tions from polyethylene of two origins, and the differ- 
ence of the two curves was due to the structural varia- 
tions. The decrease of density in one series of fractions 
was, however, due to the retardation of crystallization 
by the longer-chain molecules. Infra-red spectroscopy 


ov” 
27 








TABLE 3 


Tensile Properties of Unfractionated Low Pressure Polyethylenes 


Nominal 


Mol. Wt. 


Samples Mol. Wt. 


37,000 
51,000 
55,000 
64,000 
83,000 
84,000 
108,000 
118,000 
330,000 


28,000 
36,000 
38,000 
44,000 
56,000 
57,000 
70,000 
77,000 
190,000 


Conouw fr whe 


Density 


Ultimate Total Tensile 
Strength Elongation Modulus 


psi psi 


0.958 3,770 ems 16 
0.958 3,820 ches 
0.957 3,590 1,840 
0.954 3,500 1,850 
0.966 4,130 2,430 
0.954 3,410 1,900 
0.953 3,400 1,870 
0.955 3,580 sebe 
0.950 3,290 2,200 


Yield 





revealed no structural factors which could account for 
this decrease. 

Figure 4 is a plot of yield strength vs. density. The 
solid circles represent fractions from both sources and 
the open circles represent the unfractionated whole 
polymers. All these points followed the same line. The 
dotted line which represents the results of low density 
polyethylene reported by Sperati et al. (5) arreed very 
closely with the line drawn through the present data 
of high density polyethylenes. It can be concluded, 
therefore, that the yield strength of polyethylene re- 
gardless of origin is a function of density or crystal- 
linity alone and it is independent of the molecular 
weight and the molecular weight distribution. 

The same state of affairs exists for the tensile moduli 
of the high density polyethylene. Figure 5 shows the 
relationship of tensile modulus and density. 

The results of tensile impact strength of the fractions 
are shown in Table 4. 


The fractions with the three-digit designation were 
those used in tensile testing. They were redissolved and 
a slight amount of the low molecular weight material 
was taken out from each fraction by the fractional pre- 
cipitation technique. This was done to prevent the in- 
crease of polydispersity due to the degradation in the 
molding and fractionation steps. 

The tensile impact strength of the unfractionated 
whole polymers is shown in Table 5. 

All the results shown in Tables 4 and 5 were the aver- 
ages of five measurements. The data in both tables in- 
dicate that the tensile impact strength is a function of 
the molecular weight and the molecular weight distri- 
bution and is independent of the density. Figure 6 shows 
the plotted results. The fractions which are represented 
by the solid circles grouped around the left-hand line 
are of higher impact strength than the line for the un- 
fractionated materials. The fact that the unfractionated 
materials grouped around one line indicates these sam- 
ples must be of similar molecular 
weight distribution. 





TABLE 4 


The Tensile Impact Strength of High Density Polyethylene Fractions 


Nominal 


In conclusion, the present work 
has shown that the yield strength 
and tensile moduli of high density 


Tensile Impact _—polyethylenes are functions of crys- 


Strength sa 
in.-Ib/cu. in. 


tallinity or density only and are in- 
dependent of molecular weight and 
64,000 0.942 1,280 molecular weight distribution. The 
39,000 i 0.949 582 rupture properties such as ultimate 
29,000 0.953 521 strength, total elongation and tensile 
0.957 348 impact strength are affected by both 
0.959 36 the molecular weight and the molec- 
0.956 2,650 ular weight distribution and they 
0.957 1,330 are favored by high molecular 
0.959 896 weight and narrow’ molecular 


27,000 0.963 534 weight distribution. 


Fractions [x] Mol. Wt. Mol. Wt. Density 


' 
™ Co 0 
al all os 


BO BS BS BD bet bet bet fet es 


' 
Pm Co 
ee ee 


37,000 





TABLE 5 Reference 


The Tensile Impact Strength of Unfractionated High Density Polyethylenes 
Nominal 
‘Mol. We 


(1) L. H. Tung, J. Poly. Sci., 24, 333 
(1957). 
(2) C. G. Bragaw, Modern Plastics, 
33, 199 (1956). 
(3) T. L. Smith, J. Poly. Sci., 20, 89 
(1956). 
(4) J. F. Rudd and E. F. Gurnee, 
J. Appl. Phys., 28, 1096 (1957). 
(5) C. A. Sperati, W. A. Franta, and 
H. W. Starkweather, Jr., JACS, 75, 
6127 (1953). 
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Samples [x] 
dl/g. 
1.07 37,000 
1.34 51,000 
1.41 55,000 
1.58 64,000 
1.93 84,000 
2.00 89,000 
2.16 98,000 
2.49 118,000 


Mol. wt. 


28,000 
36,000 
38,000 


Sona ?>AUk wwe 








Storage Stability 


of Cellulose Nitrate 


Storage in the dark at 160°F and outdoors are both 
harmful, but exposure outdoors followed by heated 
storage is most harmful. Also, volatile degradation 
products can initiate degradation of unexposed material. 


ELLULOSE NITRATE plastics 

has a combination of properties 
which makes it useful for some Ord- 
nance Corps’ applications. Among 
these desirable properties is the in- 
herent toughness and the ability to 
burn completely and rapidly. How- 
ever, storage can result in both a 
loss of toughness and a tendency to 
ignite spontaneously. 

It has been widely reported that 
heat and ultraviolet light (1, 2), 
especially in the presence of air or 
oxygen (3) are the cause of these 
undesirable changes. From the Ord- 
nance Corps’ point of view, not 
enough emphasis was given to 
establishing the required initiation 
time and the extent to which the 
degradation reaction continued after 
initiation. Also, if the reaction did 
continue after removal from the 
initiating conditions, a quick easy 
test which would reliably indicate 
the past history of exposure would 
be helpful. 


Procedure 

Standard ASTM Type I tensile 
specimens (4) were machined from 
1%” sheet. These sheets were of the 
general purpose type cellulose ni- 
trate having an 11% nitrogen con- 
tent and plasticized with 21-23% 
camphor. 

The outdoor exposures were car- 
ried out in conjunction with a 
weathering project (1). Specimens 
were inserted in special aluminum 
frames and erected on racks at four 
sites. These sites were Picatinny 
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G. R. Rugger 


Ordnance Corps’ Plastic Laboratory 
Picatiny Arsenal 
Dover, New Jersey 


Arsenal, Dover, New Jersey, White 
Sands, New Mexico, Panama, and 
Fort Churchill, Canada. Specimens 
were removed periodically and test- 
ed. 

The specimens stored at 160°F 
were placed in bins in such a fash- 
ion that free circulation of air was 
permitted. The aging took place in 
dark storage rooms maintained at 


160°F 3°F. The specimens were 
removed periodically and the ten- 
sile properties determined. 

The effect of short term sunlight 
exposure followed by high tempera- 
ture dark storage was determined 
by exposing tensile specimens in 
aluminum frames for periods of 1 
day, 7 days, 14 days, and 30 days 
and subsequently storing them in 





TABLE | 


Effect of Outdoor Weathering on Cellulose Nitrate Plastics 


Maximum 


Tensile 


Exposure Strength 


psi 


Initial Control 8830 


Picatinny Arsenal 
3 months 
12 months 
3 years 
Ft. Churchill 
3 months 
12 months 
3 years 
White Sands 
3 months 
12 months 
2% years 


5970 
4700 
2260 


5270 
3570 
2230 


5360 
4030 
1560 


Panama 

3 months 

12 months 
24 years 
Final Control 


6450 
2070 


9060 


Work to 
Produce 
Failure 


Ultimate 
Elongation 


% ft-lb/in* 
15.6 100.5 


2.02 
1.41 
0.80 


1.67 
1.07 
0.66 


1.70 
1.31 
0.60 


2.20 
0.58 


Specimens became too brittle to test. 


13.7 








the dark for periods of 1 week, 1 
month and 3 months. The effect of 
volatile degradation products from 
exposed material upon unexposed 
material was determined by wrap- 
ping the two materials in aluminum 
foil. The package was made as air- 
tight as possible and stored at 160°F 
for 3 months. 

The final control specimens were 
stored in a special box at 77°F and 
50% relative humidity. The box was 
designed to allow for free circula- 
tion of air but to exclude all light. 

All specimens stored at 160°F 
were reconditioned under standard 
laboratory conditions for a minimum 
of 1 week and a maximum of 2 
weeks prior to testing. Maximum 
tensile strength, ultimate elonga- 
tion, and work to produce failure 
(the area under the load-deforma- 
tion curve) were calculated. All 
tensile tests were carried out in ac- 
cordance with ASTM D 638 (4) ex- 
cept that a constant rate of load in- 
crease of 2500 psi per minute was 
used (See 1). Five specimens were 
tested in each case and the average 
values are reported. 

The optical properties of speci- 
mens stored in the dark at 160°F 
were also determined. Percent haze 
and visible transmission were de- 
termined by Method 3022 of Federal 
Specification L-P-406. 


Results and Discussion 

For the specimens exposed out- 
doors at all four sites, the maximum 
tensile strength, ultimate elongation, 
and work to produce failure were 
determined. The data are shown in 
Table I. 

Since one of the prime advantages 
of cellulose nitrate is toughness and 
since the work to produce failure is 
commonly considered a measure of 
toughness, more weight is given to 
the work values in assessing damage 
than is given to the tensile strength 
or to elongation. 

It was anticipated that the speci- 
mens exposed at Fort Churchill 
would be the least degraded and the 
specimens exposed at White Sands 
would be most damaged. This ex- 
pectation was based upon the char- 
acteristics of the weather at the 
chosen sites. Data available in this 
Laboratory show that the total solar 
radiation and the maximum tem- 
peratures were highest at White 
Sands and lowest at Fort Churchill. 
The 36-month values show the 
ranking in order of least deteriora- 
tion to be Fort Churchill, White 
Sands, Picatinny Arsenal and Pan- 
ama with the Fort Churchill speci- 
mens being the least affected. The 
unexpectedly high ranking of the 


30 





TABLE Il 


Effect of 160°F Storage on Tensile & Optical Properties 
of Cellulose Nitrate Plastic 


Maximum Work to Visible 

Tensile Ultimate Produce Light 
Strength Elongation Failure Transmission Haze 
% _—ft-Ibs/in" % % 


Initial Control 22.2 107. 778 3.2 
3 months 24 159. 76.7 3.8 
12 months 14.4 97.8 75.0 3.9 
24 months 51 55 70.1 5.2 


Period of 
Storage 


Final Control 


16.9 103. 78.3 3.5 





TABLE Ill 


Effect on Cellulose Nitrate Plastics of Exposure to Sunlight 
Followed by 160°F Storage 


Plus 1 Week 
at 160°F 


Outdoor Exposure 
Days 


Plus 1 Month* 
at 160°F 


Maximum Tensile Strength (Control: 7700 psi) 


psi psi 


8320 5120 
8410 3060 
6330 2310 
4660 


Ultimate Elongation (Control: 16.1%) 


% 


11.2 
12.2 


19 
15 


Work to Produce Failure (Control: 125.0 ft-Ib/in*) 


1 
7 
14 
30 


ft-lb/in* 
69.4 
78.0 


6.3 
3.2 


*A 3-monta period of high temperature (160°F) storage was also tried, but 
no data were secured as specimens had become too brittle to test. 


The total solar radiation recorded for the periods of exposure are shown 


in Table IV. 





TABLE IV 


Period of Time, Days 
1 


7 
30 


Total Radiation 
g = cal/cm” 
533 
3112 
9545 





White Sands specimens was prob- 
ably due to the small amount of 
rainfall in this area. Degradation 
products and dust could thus ac- 
cumulate and act as a screen to pre- 
vent further degradation. 

The rankings above, however, are 
only relative. At all four sites, the 
specimens had become so brittle at 
the end of 3 months that the use of 
cellulose nitrate plastics outdoors in 


any climate cannot be recommended. 
The small amount of embrittlement 
caused by storage in a darkened 
standard laboratory atmosphere for 
three years and reported as final 
controls indicate that light and heat 
were the probable embrittling ele- 
ments. 

Specimens with no history of out- 
door exposure were stored in the 
dark at 160°F for periods of time up 
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to 2 years. The results of these tests 
are shown in Table II. 

It can be seen that while embrit- 
tlement occurs, the rate is not as 
fast when light is excluded. Thus, 
while the work to produce failure 
had dropped to 5-7% of the original 
value at the end of 3 months for the 
specimens exposed outdoors, the 
heated specimens retained 91% of 
their toughness at the end of 12 
months. The optical tests showed 
that the percent haze and visible 
light transmission did not indicate 
the degradation evidenced by the 
mechanical test. 

The test results for specimens ex- 
posed outdoors for 1, 7, 14 and 30 
days and subsequently stored in the 
dark at 160°F for 1 week and 1 
month are shown in Table III. 

It should be noted that this was 
the radiation recorded rather than 
the amount received by the speci- 
mens. The two values are not the 
same because the plane of the pyr- 
heliometer sensing disc was hori- 
zontal while the specimens were in- 
clined 45° to the horizontal. 

The degradation resulting from 
exposure to sunlight followed by 
heated storage was much more se- 
vere than that caused by either the 
outdoor exposure or the heated 
storage by itself. The 1 day outdoor 
exposure followed by 1 week heated 
storage (the two minimum periods) 
resulted in a reduction of toughness 
to 62% of the original value. Longer 
periods of outdoor exposure resulted 
in even greater losses during the 
minimum heated storage time. Re- 
gardless of the length of the outdoor 
exposure, after 1 month of heated 
storage, the toughness of all speci- 
mens was reduced to less than 5% 
of the original value. 

It was observed that specimens 


which had previous outdoor expos- 
ure discolored after only 24 hours 
at 160°F. Unexposed control speci- 
mens did not discolor until after 
several weeks storage in an oven. 
The amount of discoloration varied 
with the length of exposure to sun- 
light and for the exposure periods 
used in this program, the various 
exposure periods could be distin- 
guished by color alone. The areas of 
the specimens which had been pro- 
tected from direct sunlight by the 
aluminum panels did not discolor in 
such a short time. This proved that 
both sunlight and heat were neces- 
sary to cause the discoloration in a 
relatively short period of time. For 
longer periods of time, even unex- 
posed specimens discolored. This is 
attributed to the belief that volatile 
degradation products can _ initiate 
degradation in unexposed specimens. 
This belief was confirmed by wrap- 
ping together both exposed and un- 
exposed specimens in aluminum foil. 
Degradation as evidenced by gross 
discoloration occurred much faster 
due to the confinement of the de- 
gradation products. This leads to the 
conclusion that cellulose nitrate 
plastics in an advanced state of de- 
gradation should not be stored with 
new cellulose nitrate plastic. Also, 
since it is believed that the offend- 
ing agents are the oxides of nitro- 
gen, caution should be used in stor- 
ing together other nitrogen contain- 
ing compounds such as explosives 
and propellants. However, no direct 
evidence to support this belief was 
produced in this investigation. 

The rapid discoloration after ex- 
posure to sunlight followed by a 24- 
hour heated storage suggests a short 
time test to establish whether a 
cellulose nitrate plastics has had a 
history of exposure to sunlight. Ma- 


terial with no prior exposure did 
not discolor during heated storage 
if properly protected from volatile 
degradation products whereas ma- 
terial with prior exposure did dis- 
color. Thus, a 24-hour storage at 
160°F can indicate whether or not 
prior exposure has occurred. 

It is possible that a critical tem- 
perature exists above which the 
change in the mechanical properties 
of cellulose nitrate is greatly ac- 
celerated. In this work no attempt 
was made to investigate the exist- 
ence of the critical temperature. 
This same procedure may apply to 
other materials, especially those 
which are sensitive to ultraviolet 
light. 
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Calculating PHR™ for Epoxies 


Two convenient formulas for determining stoichiometric proportions 
of amine hardeners and acid anhydrides for curing epoxy resins. 


For primary (and secondary) polyamines reacting by 


addition mechanism**: 
Epoxide Value 


(par) = Amine-H Value 


where Amine-H Value = 


= parts curing agent per 100 parts resin, by 


weight. 


**Reference: 
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_ No. of Active Hydrogens 
~~ Mol. Wt. of Amine 


“Estimating Concentrations of Amine 
Curative for Epoxy Resins,” George Ep- 
stein, Plastics Technology, Nov. 1956. 


George Epstein 
Aerojet-General Corp. 
Azusa, California 


x(phr) = Cx 


where 


x 100 


Acid Anhydride Value = 


For acid anhydrides: 


E ide Val 
poxide Value x 100 


Acid Anhydride Value 


No. of Anhydride Groups 


“Mol. Wt. of Anhydride *? 


and C = Correction Factor 


For example, C = 0.85 for most anhydrides 
C = 0.6 for chlorine-containing anhydrides 
C = 1.0 with tertiary amine promoter 
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Determining the Economic 
Optimum Number of Cavities 


J. C. Goettel 


Polychemicals Department 
E. I. du Pont de Nemours & Co., Inc. 


HE COST of manufacture of an 

injection molded item consists of 
three major elements: material 
costs, fabrication costs, and tooling 
or mold costs. The material costs for 
any given item are generally inde- 
pendent of processing variables. The 
remaining two costs, fabrication and 
tooling, are directly affected by a 
number of parameters, including the 
number of cavities per mold. Since 
the number of cavities used affects 
the cost of a molded item, it is im- 
portant to consider the economics 
resulting from the choice of cavity 
number. Too often, the cost of man- 
ufacturing proves to be uneconomi- 
cal owing to high tooling costs, re- 
sulting from too many cavities, or 


“COSTS” AND "REWARDS" 
EXPRESSED AS A RATE 


OF INTEREST 








high molding costs, resulting from 
too few cavities. This article pre- 
sents a helpful mathematical ap- 
proach to determining the optimum 
number of cavities. Obviously such 
theoretical calculations only supple- 
ment and do not replace judgment 
based on experience. 


Minimization of Costs 


For any given part, the tooling 
costs per piece increase with the 
number of cavities, while the mold- 
ing costs or machine time per piece 
decreases. This may be illustrated 
by Figure 1. The top line, represent- 
ing the sum of tooling and molding 
costs, dips to a minimum point at an 


SUPPLY OF CAPITAL 


\ 


DEMAND FOR CAPITAL 





Figure 1. 


SAVING AND INVESTMENT 


optimum number of cavities. Tool- 
ing costs become excessive if more 
cavities are used and fabrication 
costs are high if fewer cavities are 
used. It may be discovered, for ex- 
ample, that it is more economical to 
use 4 cavities in an 8-oz. machine 
than 8 cavities in a 16-0z. machine, 
even though the former requires 
twice the molding time. 


Calculation of Minimum Costs 


Trial and error calculations will 
yield a minimum cost. However, in 
many cases, such as cost esti- 
mates to determine economic incen- 
tive, only an approximate figure is 
needed and lengthy calculations 
are not justified. By expressing 
mathematically the costs represented 
in Figure 1, an equation has been 
derived for the determination of this 
optimum number. The derivation wv 
this formula is outlined at the end 
of the article. 


Optimum Cavity Formula 


A mathematical approach to the 
determination of this optimum val- 
ue yields the following formula: 

és | (H,, — Wyx,) At 
ya Nace a 
where values are expressed in the 
following dimensions: 

x = number of cavities — cavities 

(parts/shot) 


- Hourly cost of small “Base” 
machine — $/hr. 


capacity 
additional 


= Additional machine 
needed for each 
cavity — oz./cavity 


y = Slope of hourly cost vs. ma- 
chine size curve — $/hr.-oz. 


x,, = No. of cavities for “Base” ma- 
chine — cavities 


A = Amortization Figure: Annual 
Production x years amortized 
— parts 


t = Cycle in minutes — minutes/ 
shot 


C = Cost for each additional cavity 
after x, cavities — $/cavity 


E = Machine Efficiency = % of 
total time that satisfactory 
parts are made. This accounts 
for both off-spec products and 
machine-down time — No Di- 
mensions 
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Use of Formula 


To use the formula, a machine of 
the size practical for the job is se- 
lected. We shall call this the “base” 
machine. The closer the selection of 
this “base” machine to the actual 
machine size required for the num- 
ber of cavities obtained from the 
formula, the more accurate will be 
the resulis. This comes from the 
fact that the slope of the hourly 
machine cost vs. machine size curve 
is not constant. The factor “y” was 
introduced into the equation to ac- 
count for the increase of machine 
cost with machine size. It accounts 
for such elements of cost as depre- 
ciation, power requirements, main- 
tenance, etc. Since these elements 
vary considerably between com- 
panies, jit is difficult to determine a 
general value to be used. However, 
the following values are suggested 
for use in the absence of other in- 
formation: 


Machine Size 


2-16 oz. 
Over 16 oz. 


It must be borne in mind that 
hourly machine rates to be used are 
cost figures and not machine hour 
rental figures which include profit. 

Naturally, the results are only as 
good as the figures used in the for- 
mula. In some instances, accurate 
values may be known, but other 
values may be very rough approxi- 
mations. The least accurate value 
to be used is perhaps a “C” value. 
As the number of cavities increases. 
it may become more economical to 
hob or cast rather than machine 
cavities. Then the cost of each addi- 
tional cavity may be difficult to 
evaluate once a master has been 
fabricated. 


“vy” Values 


$0.33 /hr.-oz. 
$0.20 /hr-oz. 


Limitation of Cavity Number 


In many cases, it may be impos- 
sible to use the economic optimum 
number of cavities. In these cases, 
the maximum number of cavities 
should be considered. As mentioned 
earlier, judgment resulting from die 
fabrication experience can never be 
replaced by theoretical calculations. 
It may be impractical to incorporate 
the optimum number of cavities in- 
to a mold due to such things as: 

. Complexity of runner, gating, 
or venting systems. 

. Overall dimensions of 
base or tie-bar spacing. 

. Projected area of cavity for 
clamping capacities. 

. Core pulling or cam action 
mechanisms. 

. Tolerances required on finished 
parts. 
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mold 


Sample Cale ‘ation:— 


To illustrate the use of this for- 
mula, let us consider a hypothetical 
molding job. We shall assume the 
following values: 

Total production 
= A 

Cost for additional 
$500/cavity = C 

Machine efficiency 

Cycle = 1 min. = t 

Part weight = 1 oz. 

W-_-idSxz1=-15 
Since machines are not 
operated at capacity, the 
additional capacity re- 
quired should be 1.3 to 2 
times the additional re- 
quirement of the shot. 

“Base” machine = 6 oz. 

H,, = $6/hr. 

X,, 3 cavities 

y = $0.33/hr.oz. 
(Hi, Wyx,,) At 


\ 60CE 


| (6—1.5x0.33x3) 100,000x1 
\ 60 x 500 x 0.90 


100,000 parts 
cavities = 


0.90 = E 


4 cavities 


x= ¥ 167 

Hence, four cavities appears to be 
the most economical number to use. 
This will require a slightly larger 
machine than the 6 oz. assumed for 
the calculation. 


Lower Costs for Larger 
Markets 


Both the molder and his customer 
should keep the principle of this ap- 


Three Courses in Plastics 


The Special Courses Division of 
Newark College of Engineering will 
offer three courses in Plastics Tech- 
nology during the 1958 Fall Term in 
cooperation with the Newark Sec- 
tion of spe. The three courses will 
include Process Properties of Plas- 
tics, Extrusion of Plastics, and Plas- 
tic Products Design. 

Process Properties of Plastics, 
starting September 11, will include 
a history of plastics, classification of 
material, chemical structure, sources 
of primary raw materials, properties, 
flow characteristics, and a plant in- 
spection trip. 

Extrusion of Plastics, also starting 
September 11, will cover flow prop- 
erties of thermoplastics in extrusion, 
design and construction of an ex- 
truder, maintenance and operation 


proach in mind when the number 
of cavities is specified. By reducing 
costs in molding, bigger markets for 
plastics may be realized. 


APPENDIX 


Derivation of Optiumum 
Cavity Formula 


Total Costs = = 7 + —- E (1) 
where M = Cost of mold base 
= Hourly cost of 
molding machine 
(Additional nomencla- 
ture is given with for- 
mula in text) 

Since the number of cavities affects 
the machine size, H is dependent on 
x. Let us assume that the cost of 
any machine can be related to a 
certain “base” machine. 

H = H, + Wy (x —x,) (2) 

Combining equation (1) and (2) 
and differentiating the function of 
total costs with respect to x, the 
number of cavities, the following 
formula results: 
d(total costs) C 

dx 7? 
t (He = Wy%» (3) 
60E x? 

Setting equation (3) equal to 
zero, thus obtaining a minimum val- 
ue for total costs, the optimum cav- 
ity number results: 

\(H, — Wyx,) At (4) 
\ 60 CE 


x 


se 2° @ 


Technology 


of an extruder, take-off equipment, 
die design, extrusion of monofila- 
ments, film and sheeting, and a plant 
insvection trip. 

Plastic Product Design, to start 
September 15, will cover product 
requirements, material selection, ap- 
pearance, mechanical and electrical 
properties, heat and chemica! re- 
sistance, compatibility, design con- 
siderations, size and esthetic aspects, 
wall thickness, parting lines and 
contours, shrinkage and holes, 
thread, undercuts and tolerances. 

Each course will run for twelve 
weeks and will meet one night a 
week, beginning at 7 P.M., under the 
supervision of experienced technical 
and engineering personnel from in- 
dustry. 

x * * 
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Edited by R. D. Sackett 
Technical Service Associate 
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Devolatilizing Extruders 


ITH THE INCREASING em- 

phasis on extrusion as a 
means of both processing and con- 
verting thermoplastics there has 
also been an appropriate increase in 
technological developments. One 
subject that has received consider- 
able attention and rightfully so, has 
been the subject of vented extru- 
sion. There is, however, little found 
in the literature concerning this 
subject and this has probably been 
the normal consequence of the 
changing conditions existing in this 
field. 

The vented extruder, or the de- 
volatilizing extruder, as it is re- 
ferred to hy some, encompasses sev- 
eral different designs all aimed at 
accomplishing the same result. The 
fundamental advantage of these ma- 
chines is that they make possible 
the removal of volatiles from the 
extruder without interrupting the 
continuity of the process. These 
volatiles may be of several different 
types such as moisture, unpolymer- 
ized monomer, and in many cases 
entrapped air. In recent months the 
advantages of this type of equip- 
ment have been demonstrated in 
a variety of operations using sev- 
eral of the major thermoplastic 
resins. 

Figure 1 is a schematic diagram 
of a more conventional type of 




















vented extruder. The basic prin- 
ciple of the vented extruders is that 
of first plasticating ithe plastics and 
volatilizing the contaminant vapors 
and then providing for a means of 
removing these volatiles. This can 
be assisted by vacuum, and removal 
can be either through holes in the 
screw or through a hole in the bar- 
rel wall. The more widely used 
method is through such an opening 
in the barrel. The vapor removal is 
accomplished in a deep flighted por- 
tion of the screw where zero pres- 
sure exists. When the screw is prop- 
erly designed (and the extruder is 
operated within the design limita- 
tions), there should be no flow of 
material out of the vent. 

There are several modifications 
of the above technique under de- 
velopment but they consist pri- 
marily of mechanical modifications 
aimed at giving wider latitude to 
this general type of equipment. The 
basic principles of vented extru- 
sions have been known for quite 
some time and equipment of this 
nature has been in actual operation 
for a number of years. Early known 
vented extrusion was used pri- 
marily for raw material compound- 
ing, and consequently considerable 
effort could be spent in the design 
of optimum screws. In such applica- 
tions the screw was generally de- 























Figure 1. 
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signed for use with a single die and 
there was no problem of variable 
back pressure. 

Use of vented extruders by plas- 
tics converters has been retarded to 
some extent for several reasons. 
First of these was probably a lack 
of appreciation for the need for re- 
moving even trace volatiles or air 
in the extrusion operation. Of equal 
significance was the requirement 
placed on these extruders to op- 
erate over a wide pressure range 
without flow from the vent. The 
third reason was lack, until recent- 
ly, of any concerted industry effort 
to exploit the advantages offered by 
this extrusion technique. Several of 
the extruder manufacturers have 
put considerable effort during the 
past several years into the develop- 
ment of this type equipment and 
this has resulted in a number of 
successful installations. 

In considering vented extrusion it 
is important to have an understand- 
ing of the actual operation of this 
type of equipment. Advantages and 
limitations should be thoroughly 
understood. The vented extruder 
operation can best be understood if 
one considers it as consisting of two 
screws driven along a common 
shaft. The first portion of the screw 
is normally referred to as the first 
stage and the second portion of the 
screw as the second stage. The 
vented effect could be obtained 
(and has been) by merely using two 
separate extruders. 

In the first stage, as previously 
stated, the material is plasticated 
and brought just up to the tempera- 
ture at which the volatiles can be 
removed. Operation of this first 
stage is much the same as in any 
conventional single screw extruder. 
Output and stock temperature are 
controlled by the usual factors of 
screw speed, flight depth, material 
properties and back pressure. Back 
pressure in the first stage bears no 
relationship to the die but is a result 
of the specific screw design. In some 
extruders a variable restriction is 
built into the first stage to permit 
an independent control of first stage 
output. 

The vent section of the screw and 
the shape of the vent itself have 
been the subject of considerable in- 
vestigation. Several experimental 
designs have resulted. Basically this 
section of the extruder should be 
designed to convey the output of the 
first stage efficiently, without de- 
veloping excessive heat or permit- 
ting stock to flow from the vent over 
a reasonable die pressure range. It 
has been noted that the actual ef- 

(Continued on page 45) 
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Thermoplastics Volume To Be Published Soon 


One of the obligations of a tech- 
nical society is the publication of 
information which will advance the 
knowledge of its members and in- 
dustry associates within its partic- 
ular field of endeavor. In 1956, SPE 
sponsored the first of its Engineer- 
ing Volume Series—Quality Control 
for Plastics Engineers, by Dr. Law- 
rence M. Debing. 

From 1956 until the present, dur- 
ing the presidencies of Dr. Frank 
Reinhart, Peter Simmons and Ken- 
neth Gossett, the Society has in- 
creased its efforts to sponsor and 
develop technical volumes which 
can be made available to our mem- 
bership and to the industry. 

Under the guidance of its Ad- 
ministrator, Jules W. Lindau, III, 
of the Southern Section, the second 
book of the SPE Engineering Vol- 
ume Series, Processing of Thermo- 
plastic Materials, will be published 
by Reinhold Publishing Co., New 
York, this coming fall or winter. 

We are particularly proud of the 
distinguished group of authors con- 
tributing to this book under the 
direction of jts Technical Editor, 
Dr. Ernest C. Bernhardt. 

Subjects to be covered and the 
men who have worked so hard dur- 
ing the past 18 months to contribute 
them and to produce this book fol- 


low: 
ADMINISTRATOR 


J. W. Lindau, II, M.M.E., Southern 
Plastics Co., Inc. 


TECHNICAL EDITOR 
E. C. Bernhardt, Dr.-Ing., E. I. du 
Pont de Nemours & Co., Inc. 


SUBJECTS AND AUTHORS 


Section |—Fundamentals 

Flow Behavior—A. B. Metzner, 
Se.D., University of Delaware 

Heat Transfer and Thermodynamics 
—J. M. McKelvey, Ph.D., Wash- 
ington University, St. Louis 
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Mixing and Dispersing—W. D. Mohr, 
M.S., Massachusetts Institute of 
Technology 


Section Il—Applications 

Extrusion—J. B. Paton, B.S.; P. H. 
Squires, Ph.D.; W. H. Darnell, 
Ph.D.; and F. M. Cash, B.S.; all 
of E. I. du Pont de Nemours & 
Co., Inc.; and J. F. Carley, Ph.D., 
Modern Plastics, Breskin Publi- 
cations, Inc. 

Injection Molding—G. B. Thayer, 
B.S.; J. W. Mighton, B.S.; R. B. 
Dahl, B.S.; and C. E. Beyer, B.S.; 
all of Dow Chemical Co. 

Calendering—D. I. Marshall, Ph.D., 
Bakelite Co., Union Carbide Corp. 

Mixing and Dispersing Processes— 
J. T. Bergen, M.S., Armstrong 
Cork Co. 

Sheet Forming—N. Platzer, Ph.D., 
Monsanto Chemical Co. 

Forming of Hollow Articles—G. P. 
Kovach, Dipl.-Ing., Foster-Grant 
Co. 

Sealing and Welding—B. P. Rouse, 
Jr., Ph.D., and T. M. Hearst, BS., 
both of Tennessee Eastman Co. 


Section lIIl—Processing Properties 

Processing Properties—R. F. West- 
over, M.S.E., Bell Telephone Lab- 
oratories 


Before Processing of Thermoplas- 
tic Materials is off the press, organi- 
zation of one or more additional 
books in the SPE Engineering Vol- 
ume Series should be completed. 
This work is now going on under the 
guidance of the Education Commit- 
tee headed by Robert Bartlett of the 
Chicago Section. At the moment, a 
book on processing of thermosetting 
materials is being considered, but 
final plans will have to be confirmed 
at a later date. 

We have been extremely fortu- 
nate to receive from SPE Past Pres- 
ident Islyn Thomas the rights to his 
book Injection Molding of Plastics, 
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originally published in 1947. Mr. 
Thomas is currently revising this 
book himself. As an indication of 
the need for this volume, the pub- 
lisher reports that inquiries con- 
tinue to come in for such a book 
from ail over the world. 

To me, the interesting part of 
working in SPE, and particularly 
on these books, has been to see the 
effects of honest hard team work by 
the National Officers, the National 
Councilmen, and the various authors 
and editors who have contributed 
so much of their time to this effort. 
With this type of cooperation, it ap- 
pears that continued efforts in the 
direction of advancing the science 
and art of the plastics industry can 
go forward at an even faster rate. 


Fett hobo 


Fred C. Sutro, Jr. 
National Vice President 
and Administrator, 
Technical Committees 
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SPE Honors First Recipients 


of Plastics Engineering Degrees 


Eight graduates received the world’s first Bachelor 
of Science in Plastics Engineering degrees at the 60th 
annual commencement exercises of Lowell Technologi- 
cal Institute, Lowell, Mass., on Sunday, June 15, 1958. 
The degree course in plastics engineering was instituted 
in the fall of 1954. 

So that SPE could recognize this important milestone 
in plastics engineering education appropriately, and 
honor the recipients of the degrees, R. Kenneth Gos- 
sett, SPE National President; Thomas A. Bissell, Execu- 
tive Secretary; and Ralph L. Mondano, National Di- 
rector, Eastern New England Section, met with the 
group shown on Saturday, June 14. The three SPE 
National Officers talked informally to the group on the 
plastics industry—present and future; opportunities in 
plastics engineering; and the SPE—what it can do for 
young technical graduates. 

Interest was expressed at this meeting in the possi- 
bility of forming an SPE Student Chapter at LTI when 
and if SPE Constitution and By-Laws are revised to 
include a Student Membership category. 

LTI was the first school of engineering in the world 
to initiate a course in Plastics Engineering leading to 
a Bachelor of Science degree. Martin Lydon, President 
of LTI, was instrumental in establishing the program 
which includes such subjects as chemistry of plastics, 
engineering properties of plastics, and the technology 
of plastics machinery. A well-equipped plastics labora- 
tory is at the students’ disposal with extruders, injec- 
tion molding machines, presses and other equipment. 
Students leaving LTI with a Plastics Engineering de- 
gree have a thorough understanding of the basic prin- 
ciples of plastics and a good picture of their future. 


The need for plastics engineers continues to grow 
with the plastics industry. Plastics production has in- 
creased 360% for the ten-year period from 1947 to 1957, 
as compared to 135% increase in the production of steel 
over the same period. To meet the increasing demands 
for plastics engineers, LTI plans to graduate 23 plastics 
engineers next year, with future classes expected to 
increase at a similar rate. 


Members of the first class to receive degrees of Bachelor 
of Science in Plastics Engineering are shown with SPE 
National Officers and faculty members of Lowell Tech- 
nological Institute in front of the LT! Administration Build- 
ing. Front row, left to right: Relph L. Mondano, R. Kenneth 
Gossett, Thomas A. Bissell, Professor Russel! Ehlers, and 
Instructor Raymond Normandin. Second row: Charles W. 
Rowntree, Edward A. Buonopane, Raymond D. Sylvain, 
and Raymond W. Michaud. Third row: Brooke H. Ander- 
son, Victor W. Proulx, Gerald M. Meehan, Alden R. Bratt. 





Wy Technical Meetings Calendar 





15TH ANTEC 
January 27-30, 1959, The Commodore Hotel, 
New York City 








1958 RETECS 


Plastics in the Automotive Industry 

September 12, 1958, St. Clair Inn, Detroit, Mich. 
For information write to John D. Young, E. I. du Pont 
de Nemours & Co., Inc., 13000 W. Seven Mile Rd., De- 
troit, Mich., or R. C. Oglesby, Rohm & Haas Co., The 
Nor-Way Bldg., 20211 Greenfield Rd. at Jas. Couzens 
Hwy., Detroit 35, Mich. 





Plastics in Packaging 

October 1, 1958, Statler Hotel, Hartford, Conn. 
For information write to Blakely McNeill, Fuller Brush 
Co., 3580 Main St., Hartford 15, Conn. 


Epoxies 
October 21, 1958, Curtis Hotel, Minneapolis, Minn. 


For information write to Russ Kirby, Minnesota Mining 
and Manufacturing Co., 900 Farquier, St. Paul, Minn. 
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Electronics 
October 24, 1958, Stanford Research Institute, 
Menlo Park, Calif. 


For information write to Julius W. Palen, c/o Lenkurt 
Electric Co., Inc., San Carlos, Calif. 


Advances in Injection Molding 
November 6, 1958, Sheraton Hotel, Philadelphia, Pa. 


For information write to Edward Fitzpatrick, F. J. 
Stokes Machine Co., Olney Post Office, Philadelphia, Pa. 


Building and Construction 
November 13, 1958, Ambassador Hotel, 
Los Angeles, Calif. 
For information write to John Delmonte, Furane Plas- 
tics, Inc., 4516 Brazil St., Los Angeles, Calif. 


1959 RETECS 
(Scheduled before June 1959) 
Plastics in the Metal Industry 
May 7, 1959, Penn-Sheraton Hotel, Pittsburgh, Pa. 
For information write to John Parks, Hydraulic Press 
Manufacturing Co., 512 Empire Bldg., Pittsburgh 22, Pa. 
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Kenneth Perkins has been 

appointed senior process 

engineer in charge of in- 

vestigating new materials 

and techniques in the plas- 

tics and adhesives fields for 

Singer Mfg. Co. Prior to 

his recent appointment, Mr. 

Perkins was in charge of 

plastics molding operations 

at Diehl Mfg. Co., Singer’s 

electrical division. He has 

been with Singer since 1918. 

Mr. Perkins has been a 

professional member of SPE 

for many years, and is affiliated with the Newark Sec- 

tion. He is also a director of the Society of the Plastics 

Industry, Chairman of its Technical Committee, and a 
Plastics Pioneer. 


Quentin M. White has been appointed manager of the 
Press Division of F. J. Stokes Corp. The division in- 
cludes plastics, powder metals and pharmaceuticals 
Mr. White is a member of SPE’s Philadelphia Section 


Clarence F. Van Epps has been appointed director of 
manufacturing of Stromberg-Carlson’s Electronics Di- 
vision. He was previously manager of materials engi- 
neering, and will be succeeded in that post by Ernest 
W. Goral. 

Mr. Van Epps is a past President of the Rocheste: 
Section of SPE and a past national director of the For- 
est Products Research Society. He is also a member of 
the American Institute of Chemical Engineers, Ameri- 
can Chemical Society, American Society for Metals and 
American Electroplaters Society. 

Mr. Goral joined Stromberg-Carlson’s Materials En- 
gineering Dept. in 1943. From 1944 to 1946 he was on 
leave for an assignment with the Special Engineering 
Detachment of the Army Service Forces at Oak Ridge, 
Tenn., where he was Chief Chemical Inspector of in- 
coming materials used in making the first atomic bombs 
He has served as Vice President of the Rochester Sec- 
tion and is a member of the American Institute of 
Chemical Engineers. 


C. F. Van Epps E. W. Goral 
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R. |. Bloom B. Diggins 


Robert I. Bloom and Bernard Diggins have announced 
the formation of the Industrial Molding Corp. Both men 
are officers of the firm and are members of the South- 
ern California Section of SPE. 

The new company is currently producing custom in- 
jection molded parts for industry in Southern Califor- 
nia. Headquarters are located at 8924 Lindblade St., 
Culver City, California. 


E. L. Oehling T. G Bishop 


Ernest L. Oehling, Southeastern Ohio Section, was pro- 
moted from general sales manager of Hydraulic Press 
Mfg. Co. to vice president of sales. Thomas G. Bishop, 
Central Ohio Section, formerly manager of the plastics 
machinery division of HPM, has been promoted to 
product market manager. 


Clinton W. Blount, Robert E. Burk and William T. 
Cruse are members of a delegation of United States 
plastics manufacturers visiting Russia during June. The 
group is touring Russia’s plastics industry. A similar 
delegation of Soviet manufacturers will come to this 
country during November. 

Mr. Blount, vice president of Bakelite Co., is a mem- 
ber of the New York Section. Mr. Burk, Associate Di- 
rector of Research, E. I. du Pont de Nemours & Co., 
Inc., is a member of the Philadelphia Section. Mr. Cruse, 
Executive Vice President, Society of the Plastics In- 
dustry, Inc., is also a member of SPE’s New York Sec- 
tion. 


Dr. Sidney J. Stein has been appointed director of engi- 
neering and research of International Resistance Co. 
Since joining IRC in 1949, Dr. Stein has been senior 
research chemist, assistant director and director of re- 
search. He is a member of the Philadelphia Section of 
SPE, American Ceramic Society, American Association 
for the Advancement of Science, and American Society 
for Testing Materials. 
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J. Harry DuBois, Plastics 

Pioneer and a member of 

the Newark Section of SPE, 

has established consulting 

services for the plastics in- 

dustry, specializing in mar- 

keting, product engineering 

and development. sales 

training and management. 

Mr. DuBois joined the 

Plastics Department of 

General Electric in 1928 

and was one of the first GE 

engineers to be assigned 

exclusively to plastics mar- 

ket development. In 1944, he became executive engineer 
and vice president of Shaw Insulator Co., and from 
1950 to 1952 he was manager of new product develop- 
ment and sales manager of Plax Corp. His most recent 
assignment has been with Micalex Corporation of 
America as vice president, engineering. 

A charter member of SPE, of which he was National 
President in 1948, Mr. DuBois is presently Program 
Vice Chairman for the 15th ANTEC. He is also a mem- 
ber of IRE, SPI, AIEE, ASME, NSIA, the Plastics In- 
stitute of Great Britain and other technical societies. 
Headquarters for the consulting firm will be in Mont- 
clair, N. J. 


William A. Hart, long associated with the plastics and 
die casting industries, has been named Chicago area 
technical and sales representative of the National Tool 
and Mfg. Co., Kenilworth, N.J., manufacturers of stand- 
ard mold sets and accessories. Mr. Hart is a member 
of the Chicago Section of SPE. 


Carl Haller, of the New York Section, has been elected 
vice president, secretary and treasurer of Gemloid 
Corporation. Mr. Haller is president of Haller Plastics 
Corporation, and has been associated with the plastics 
industry for 29 years. He was formerly connected with 
Archer Plastics, Almor Plastics, and Tech-Art Plastics. 


Jack Sherman, New York Section, has resigned as 
president of Plicose Mfg. Corp. One of the founders of 
Plicose and a pioneer in the plastics film industry, Mr. 
Sherman was responsible for the development of many 
novel technical advances designed to improve both the 
quality and applicability of plastics film. Future plans 
have not yet been announced. 


A. Jackson Cheney, Jr., former supervisor of application 
design for the Plastics Sales Division of Du Pont’s 
Polychemicals Dept., has been appointed market devel- 
opment specialist to work with independent design con- 
sultants. Mr. Cheney has been active in the plastics in- 
dustry for 16 years. In his new post, he will act as liai- 
son between Du Pont and industrial designers using 
Du Pont plastics. He is a member of the Philadelphia 
Section of SPE. 


OBITUARY 


Leroy J. Hennessy, president and founder of the Eljay 
Corp., died suddenly on May 14. He was a member of 
the Baltimore-Washington Section and had been in 
business for himself since 1946. The firm will be man- 
aged by his son-in-law, Stanley A. Sladek. 


IMPCO HA8-275 


<7 


750 Dry Cycles Per Hour 
at Full 14%" Stroke 


with this 8-10 ounce machine 


Send today for Bulletin P-114. 


IMPROVED 
MACHINERY INC. 
Nashua, New Hampshire 
In Coneda, 

Sherbrooke Machineries Limited, 


Sherbrooke, Quebec 


Export Distributers: OMNI PRODUCTS CORP 
460 Fourth Avenue, New York, New York 


SPE JOURNAL, fuly, 1958 











SJ” 


New York 


Scientific Implications of the IGY 


Charles C. Orr 


Members and guests attending the 
April 16 meeting of the New York 
Section were treated to a departure 
from the usual program of highly 
specialized subjects in the plastics 
field. Guest speaker on this occasion, 
which took place at the Governor 
Clinton Hotel, was Hugh Odishaw, 
executive director, United States 
National Committee for the Inter- 
national Geophysical Year. His topic 
was “Scientific Implications of the 
IGY.” 

A scientific inquiry commanding 
world-wide cooperation IGY’s pri- 
mary objective is to gather synoptic 
data in the fields of meteorology, 
geomagnetism, gravity measure- 
ment, ionospheric physics, cosmic 
radiation, glaciology, oceanography, 
and seismology. Data gathered at 
outposts set up by 66 participating 
and 70 cooperating nations are tele- 
typed to a central information 
agency operated by the National 
Bureau of Standards at Fort Bel- 
voir, Va. Here the information is 
coordinated and evaluated in terms 
of a complete global picture of si- 
multaneously-occurring geophysical 
conditions. 

IGY has two major antecedents, 
both of which were dubbed “Inter- 
national Polar Year.” The first, 
which took place during 1882-83, 
comprised arctic expeditions from 
12 nations. During this investiga- 
tion, surface meteorology, geomag- 
netism, and the aurora borealis 
were studied. The second IPY was 
arranged in 1932-33. It drew the 
combined efforts of 40 nations and, 
while explorations were still con- 
fined to the arctic regions, the scope 
of interest had broadened to include 
ionospheric physics. 
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Seedling discussions in 1950 led 
to plans for a third “polar year” 
whose name was modified to “Inter- 
national Geophysical Year” in order 
to embrace the multiple fields of 
interest that had since grown up. 
Each country executes its own 
program under a general plan de- 
veloped by the cooperating coun- 
tries, and coordinated by an inter- 
national committee. To date, more 
than 10,000 scientists and techni- 
cians, in addition to several thou- 
sand volunteer observers, are co- 
operating to gather data in support 
of the program. 

Of what value is IGY? While 
some information is of immediate 
interest, the major portions of the 


data will serve as a repository for 
future research work. New develop- 
ments, in the shape of rockets and 
satellites, serve as tools for the geo- 
physicist in sounding the upper at- 
mosphere. The rockets measure 
atmospheric pressure temperature, 
and density; the earth’s magnetic 
field, especially during auroral dis- 
plays; night and day air glow; solar 
radiation; auroral particles; iono- 
spheric charge densities; and ozone 
distribution. Observations over a 
longer period of time are made pos- 
sible by satellites which move about 
the earth in elliptical orbits at dis- 
tances ranging from 350-1,500 miles. 
Information thus obtained is tele- 
metered back to earth where it is 
received and transmitted through 
the network of observation stations. 

In the Antarctic, seismic sound- 
ings are used to map the buried rock 
surfaces and to measure the amount 
of snow and ice covering the con- 
tinent. This information is important 
in studying ocean currents and their 
relation to marine food stocks, and 
also in determining the earth’s heat 
and water budget. 

The full implications of this mass 
scientific endeavor can only be de- 
termined through the perspective 
of history. IGY investigations will 
terminate at the end of 1958, but 
certain phases of the program will 
require an extension. The problems 
involved are planetary in nature 
and require international coopera- 
tion in order to by-pass the restric- 
tions imposed by political and geo- 
graphic boundaries. 





Western New England Plans 
ene ) , 


SPE Executive Secretary Thomas 
A. Bissell recently sat in on a com- 
mittee meeting of the Western New 
England Section to help plan the 
Section’s forthcoming RETEC on 
“Plastics in Packaging.” Nine papers 
are to be presented at the RETEC 
scheduled for October 1 in Hartford, 
Conn. Seated, left to right, are: R. A. 
Mazur, Section President; T. A. Bis- 


sell; B. R. McNeill, RETEC Chair- 
man; R. R. Moyer and E. A. Had- 
dad, Co-chairmen of the Speakers 
Committee. 

Standing, left to right: L. W. 
Freean, Registration Chairman; 
E. F. Duda, Treasurer and Printing 
Chairman; C. J. Holt, Publicity 
Chairman; and A. J. Vallieres, 
House Chairman. 
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Kentuckiana 





A New Era in Plastics 
R. O. Carhart 


The last meeting until fall was 
held May 21 at the Mason Dixon 
Room at the Kentucky State Fair 
Grounds. Thirty-one members and 
guests enjoyed a lively cocktail 
hour, which was followed by dinner 
and a short business meeting. The 
major item of business was a dis- 
cussion of dividing the present Sec- 
tion into two separate Sections, one 
encompassing the Louisville area 
and the other the Evansville area. 
Harold Grossman reported that a 
poll of 21 Evansville members indi- 
cated that 16 out of 17 ballots re- 
turned favored such a split. It is to 
be further investigated by Section 
President Jack Berutich and Na- 
tional Director Ken Erwin. 

Dr. Harold Cook gave a brief dis- 
cussion of the Professional Activities 
Group on Injection Molding and re- 
quested that anyone interested in 
this group contact him. 

Program Chairman Milo Buzzee 
then introduced the speaker for the 
evening, Dr. Paul W. Acton, Sales 
Department of Hercules Powder 
Company. Following a movie en- 
titled “A new Era in Plastics,” Dr. 
Acton discussed new material de- 
velopments and their impact on the 
market, in particular higher density 
polyethylenes and polypropylene. 


St. Louis 


Use of Polypropylene 
R. A. Karasek 


The Board of Directors of the St. 
Louis Section met to discuss various 
phases of National as well as local 
SPE problems. 

The regular Section meeting was 
called to order by Mr. McDorman, 
and the June meeting was discussed. 
Some consideration was given to a 
trip on the Mississippi on a char- 
tered boat, possibly in the latter 
part of June on a Friday or Satur- 
day night. 

Chris Kacalieff spoke relative to 
the St. Louis RETEC on “Plastics 
in the Shoe Industry” which is 
scheduled for May, 1959. He also 
gave some information on SPE Na- 
tional affairs. Harold Holz reported 
on Section membership and plans 
for the coming year. 

The speaker of the evening was 
Robert D. Ullrich, supervisor for 
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Hercules Powder Company’s “Pro- 
Fax” polypropylene sales. He dis- 
cussed the various physical charac- 
teristics of this material in relation 
to other plastics materials. He pre- 
sented data on cubic inch costs, ten- 
sile strength, elongation and surface 
hardness. 


Pacific Northwest 





Plastics in the Orient 
R. A. Fulton 


The May meeting was the last for 
the Rocky Mountain Section until 
fall. The speaker of the evening was 
John Delmonte of Furane Plastics, 
who had just returned from an ex- 
tensive tour of the Orient. He spoke 
about the general plastics business 
in the Orient, and then more specifi- 
cally about the properties, applica- 
tions and future outlook for poly- 
urethanes. 

Approximately 35 members were 
present. Meetings will resume in 
September when Larry Ulm- 
schneider of Eastman Kodak will 
show his film on automatic injection 
molding. 


Baltimore-Washington 





Plastics Horizons 


George Flanagan 


The May meeting was held at 
Rolling Inn in Baltimore. Speaker 
for the evening was Alan G. Rich- 
ards, chemical engineer of Bjork- 
sten Research Laboratories, whose 
topic was “Plastic Horizons.” His 
fields of activity have included in- 
termediates and dyestuffs, natural 
and synthetic elastomers, adhesives 
and a variety of plastics materials. 

Besides knowing where we are 
and where we have been, Mr. Rich- 
ard’s pointed out that it’s a good idea 
to pause once in a while and specu- 
late about where we are going. The 
Section was fortunate to have Mr. 
Richards as a guide to point out 
the expanding “Plastics Horizons.” 


Nework 


Molding of Acrylics 


Fred W. Ducca 


An important discussion of injec- 
tion molding technique for acrylics 
followed the April dinner meeting at 
the Military Park Hotel. The speak- 


ers were G. G. Freygang and R. T. 
Cassidy of Rohm & Haas. Both were 
from the development laboratories 
and specialized in injection molding 
and extrusion. 

The fundamentals of injection 
molding were presented with regard 
to the type of equipment required. 
Gating of molds was included with 
helpful design suggestions given on 
gating for methyl methacrylate ma- 
terials. The speakers concluded the 
presentation by answering questions 
by the membership on various fac- 
tors essential to good moldability 
for this type of thermoplastic ma- 
terial. 


Northwest Pennsylvania 





Duplicator Equipment 
For Making Molds 


John C. Reib 


The April meeting was held at the 
Colony Restaurant in Erie, Pennsyl- 
vania. The speaker of the evening 
was Paul Ropp, die sinking special- 
ist of Cincinnati Milling and Grind- 
ing Machines, Inc. With the aid of 
slides, Mr. Ropp talked on dupli- 
cator equipment available to the 
plastics mold making industry. He 
cited the demands made on the mold 
maker to provide complicated molds 
to exacting tolerances. 

Mr. Ropp covered the various ma- 
chine tools and duplicator equip- 
ment manufactured by his company. 
The three types of tracer control 
methods of duplicating—depth con- 
trol tracing, 360° profile tracing and 
simultaneous or combination tracing 
—were outlined with an explanation 
of the application of each. 

A great deal of interest in this 
subject was indicated by the dis- 
cussions stimulated by the question 
and answer period which followed. 


Slush Molding 


John C. Reib 


A thorough presentation of slush 
molding was given by John T. In- 
gram of Bakelite at the May meet- 
ing of the Northwest Pennsylvania 
Section. Mr. Ingram described plas- 
tisols and organisols. His discussion 
included the vinyl resins, plasti- 
cizers and other components which 
make up these materials, as well as 
the methods commonly used to com- 
pound them. Also included in the 
talk was a description of the molds 


(Continued on page 42) 
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PLASTICS MATERIALS ANALYZED 
BY ACCELERATED USE TESTS 


DOOR SLAM TESTS DETERMINE BEST PLASTICS MATERIAL FOR REFRIGERATOR DOOR LINERS 


Plastic door liners for refrigerators are 
subjected to considerable wear and 
abuse while in service. That's why it’s 
so important to select a plastic which 
will not fail even after years of con- 
tinuous service. 

In an attempt to select the best material 
available for this particular applica- 
tion, Dow Plastics Technical Service 
Engineers utilize an accelerated-use 
test device. 


Liners molded from various plastics to 


be tested are installed, one at a time, 
in a test refrigerator. (See photo at 
right.) The refrigerator is placed in a 
controlled temperature room and the 
shelves are weighted to capacity to 
simulate actual use conditions. Then a 
mechanical device which opens and 
shuts the door automatically is put into 
operation. It continues to open and 
ye the door until the plastic fails. 
Failure is defined as the point at which 
the plastic cracks and the crack is visi- 
ble to the naked eye. 

This test will quickly: 

1 Select the best material for the 
application. 

2 Provide data on the strength and 
weakness of a particular door liner 
design. 

3 Define the life expectancy of a 
given door liner. 


This test is but one of many continuing 
Plastiatrics studies conducted by Dow 
Plastics Technical Service Engineers. 
These studies cover every phase of 
plastics formulation, design, molding 
and finishing. This particular test has 
enabled Dow engineers to accumulate 
a wealth of information concerning cor- 
rect design procedures. For your copy 
of the results or information on other 
areas under investigation, write THE 
DOW CHEMICAL COMPANY, Midland, 
Michigan, Plastics Sales Dept. 1523F. 
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Actual refrigerator in controlled temperature room where tests are conducted. 
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CYCLES TO FAILURE 
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A 
SAMPLE 


Results of accelerated-use tests on six different plas- 
tic formulations used for refrigerator door liners. 
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AMERICA’S FIRST FAMILY OF 
POLYSTYRENES 


GENERAL PURPOSE 
STYRON® 666 
STYRON 666M (Easy Flow) 
STYRON 665 (Extrusion) 
STYRON 689 (Easy Flow) 


HIGH IMPACT 
STYRON 475 
STYRON 475M (Easy Flow) 
STYRON 777 (Medium Impact) 
STYRON 440 (Heat Resistant) 
STYRON 440M (Easy Flow) 
STYRON 480 (Extra-High Impact) 


HEAT RESISTANT 
STYRON 683 
STYRON 700 











Section News... 
(Continued from page 40) 


used in slush molding and how these 
molds are produced. 

Of unusual interest were the 
newly developed rigidsols which 
open up a whole new field for slush 
molding. Mr. Ingram said that in 
some instances they may easily 
compete with injection molding. 

The May meeting concluded the 
spring schedule. The next meeting 
will be held in August, and will be 
the annual golf tournament and pic- 
nic. 


Pittsburgh 


Plant Tour 


John E. Parks 


The highlight of the May meeting 
was a tour of Pittsburgh Plastics 
Corporation in New Castle, Pa., 
where various types of injection 
molding machines and auxiliary 
equipment were shown in operation. 

The evening started off with a 
cocktail party sponsored jointly by 
Pittsburgh Plastics and Hydraulic 
Press Mig. Company. The party was 
followed by dinner and a short busi- 
ness meeting where the Annual Stag 


Picnic for June 19 was discussed. 
After adjourning the meeting, the 
members left in a motorcade for the 
plant tour. 

The Section extends its thanks to 
Pittsburgh Plastics Corporation for 
a very interesting evening. 


Toledo 


Polyethylene and 


Polypropylene 


R. E. Dunham 


At the May meeting, William 
Bracken of Hercules Powder Co., 
spoke to the Section on “Hi-fax and 
Pro-fax.” Mr. Bracken is a former 
National President of SPE. 

The first portion of his presenta- 
tion concermed Hi-fax, a _ high- 
density polyethylene in the range 
of 0.945-0.947. It is about 75% crys- 
talline and presents several ad- 
vantages over low-density poly- 
ethylene. 

A very interesting movie concern- 
ing the polyolefins and Hercules 
Powder manufacturing was shown 
next. 

Pro-fax, a polypropylene and one 
of the most recent commercial plas- 
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| WHITLOCK 2“°7': 


Dehumidifies Air to a Minus 20 Dew Point 


The Whitlock dryer works on the principle of a 
closed system using dehumidified air of minus 20 
dew point. This gives you complete control of hu- 
midity. This means faster and more thorough drying 
of the plastic material at a predetermined tempera- 
ture. The Whitlock dryer will handle nearly every 
type of plastic material. The capacity varies with 
the type of plastics being dried. Write for complete 





details. 


Automatic HOPPER LOADERS 
For All Plastic Materials 


Whitlock loaders transfer all thermosetting and 
thermoplastic material from floor level to your hop- 
pers. Our filter cone attachment and new suction 
intake tube (available for all models) make it easy 
to transfer all dry colored and fine powder plastics 
without creating a cloud of dust. The suction intake 
tube automatically pulls itself into the material. All 
models operate from your plant air supply—various 
sizes are available with rated capacities up to 2,000 
pounds per hour. 

But that’s not all—Whitlock loaders are self-sup- 
porting units. No attachments to the machine re- 
quired. You can place the units wherever you desire 
—Many units are installed as much as 100 feet from 
the machine. Write or phone today for complete 
specifications. 


WHITLOCK ASSOCIATES, INC. 


21657 Coolidge Hwy., Ook Park 37, Mich., Lincoln 6-7266 








tics materials, was the topic for the 
balance of the talk. The material 
is still undergoing improvements 
and stability has only recently been 
changed. Pro-fax is a highly crys- 
talline material with much higher 
heat distortion than Hi-fax. Its 
strength is greater than that of Hi- 
fax but low temperature strength 
properties need improvements. The 
practical low temperature proper- 
ties, such as for an automobile de- 
froster, are acceptable, however. 


Central Ohio 





Investment Clubs 
R. A. Clark 


The May dinner meeting was 
held at the Desert Inn, May 20. Ray 
Tope showed a Monsanto film on 
plastics entitled “The World That 
Nature Forgot.” 

The speaker of the evening was 
Phil Drake of McDonald Co., who 
spoke on “Investment Clubs.” The 
origin of such clubs goes back to the 
1600’s when men pooled their re- 
sources to finance shipping. One of 
the earliest of the type we know 
was started in Detroit in 1939. 

Mr. Drake discussed the reasons 
for starting investment clubs and 
the costs of securities. 


Western New England 





Annual Spring Outing 
and Ladies’ Night 


C. Judd Holt, Jr. 


On June 6, the Section held its 
annual spring outing and ladies’ 
night at Suffield Country Club in 
Suffield, Conn. There was golfing in 
the afternoon, followed by a cock- 
tail hour and a buffet dinner in the 
clubhouse. After dinner, golf prizes 
and door prizes were awarded by 
Outing Chairman Armand J. Val- 
lieres of American Cyanamid. 

Retiring President Raymond A. 
Mazur of American Cyanamid in- 
troduced the Section’s newly elect- 
ed officers who will serve during 
the 1958-1959 season. He presented 
the Section Charter to President- 
Elect Richard J. Plichta of Fuller 
Brush Co. to symbolize the transfer 
of his office. 

Other elected officers introduced 
were: Alvino Aliberti, A & M Tool 
& Die, Vice President; Wesley L. 
Larson, DeBell & Richardson, Sec- 
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retary, and Lawrence W. Freeman, 
Plax Corp., Treasurer. 

An evening of dancing followed 
the ceremonies. Fifty members and 
guests attended. 


Eastern New England 





Adhesives and Foams 


H. C. Cookingham 


Gim Fong, Secretary of the Sec- 
tion, presided in the absence of 
President William Nissen and Vice- 
President George Kovach. Richard 
Leary, Chairman of the Program 
Committee, introduced the two guest 
speakers. 

Harry E. Connors, Angier Ad- 
hesives, spoke on the “Role of Ad- 
hesives in End Uses of Plastics Ma- 
terials.” He emphasized the ad- 
vantages of adhesives in the pro- 
duction of plastics products from 
the functional aspects of the ad- 
hesive used. End use products were 
on exhibit. 

C. W. Roop, B. B. Chemical Co., 
spoke on “Potential Foam Struc- 
tures for Plastics Field.” He pre- 
sented a short summary of the pres- 
ent status of urethane foams and 


POLYESTER 


discussed many novel applications 
possible for the plastics engineer. 
He emphasized the problems to be 
considered and overcome by imag- 
inative engineering — mechanical 
equipment and foam processing. 
Foaming demonstrations were car- 
ried out and sample foam struc- 
tures exhibited. 


Rocky Mountain 





Members Tour 


Extrusion Plant 
Oscar B. Yorker 


The meeting of May 22 was a very 
interesting and successful evening. 
A tour of the Gates Rubber Com- 
pany, Extrusion Division, was held 
at 5:00 P.M. with 40 attending. Ex- 
trusion of vinyl tubes and rubber 
hose was observed. 

The meeting was held at the Ox- 
ford Hotel. Dr. R. J. Corruccini, 
Chief of the Properties of Materials 
Section, Cyrogenic Engineering Lab- 
oratory, National Bureau of Stand- 
ards, gave a talk with slides on the 
topic of “Low Temperature Proper- 
ties of Plastics.” The information 
was well presented and received 
with enthusiasm 


Ontario 


Ounce of Prevention 


Harry Watson 


Little things like storing molds on 
steel racks or close to an outside 
wall, and spraying them with rust 
preventive immediately after use, 
may mean the difference between 
recovery and failure in the event 
of fire or flood. These were just some 
of the tips passed on to the mem- 
bers of the Oniario Section at their 
May meeting in Toronto. 

Speakers were Jim Wallace, Plas- 
tene (Canada) Ltd., whose plant in 
Toronto was destroyed by fire in 
December, 1957, and has since been 
completely rebuilt and re-equipped; 
and Syd Shaw, Woodbridge Moulded 
Products, Ltd., Toronto, whose plant 
was flooded out by Hurricane Hazel 
in 1954 and back in full production 
six days later. 

Mr. Wallace spoke on fire drills, 
the hazards involved in burning 
tection, and record storage. 

Mr. Shaw discussed the routine 
care given molds at his plant, as 
plastics, insurance needs, mold pro- 
well as the emergency measures 
taken immediately after the flood. 


IN COLORS... 


new molding compound to add sales appeal to your product 


Now you can get rigid, strong parts like these in a 
whole spectrum of opaque, light-fast colors that will 
brighten and upgrade your product. How? With a 
new, durable thermosetting material—Durez polyester. 

These parts combine strength with other qualities 
you'll find in no other color plastic. Their electrical 
properties are outstanding. This material was specifi- 
cally designed to meet Underwriters’ self-extinguishing 
requirements for appliances. 

You can use Durez polyester in many places where 
you can't use other plastics, because molded parts 
show virtually no change in dimensions after molding! 

Your molder can get this new plastic now in stock 
yellow, pink, turquoise, white, gray, and other stand- 
ard colors. It comes in dry granular form and is easily 
molded on standard presses with compression or trans- 
fer molds. 

New illustrated Bulletin 200 shows how leading 
manufacturers are using Durez polyester to brighten 
up consumer products with strong, dimensionally sta- 
ble parts. Write for a copy today. 


Light paste! colors help sell these new Sunbeam electric 
fry pans and other Sunbeam Corporation appliances 


BvuBREBa 


PLASTICS DIVISION 


HOOKER CHEMICAL CORPORATION 
1107 Walck Road, North Tonawanda, N. Y. 
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Onginated by Kesin-Chemical Headquarters 
and still the 





Most Rugged. Handy. 
Economical Form of* 


Maleic Anhydride 


National 
MALEIC ANHYDRIDE 
Tablets 


/ | Allied 


hemical 


NATIONAL ANILINE DIVISION 
ALLIED CHEMICAL CORPORATION 
40 RECTOR STREET, NEW YORK 6, WN. Y. 


Akron § Atlanta Boston Charlotte Chattanooga Chicago 
Greensboro los Angeles New Orleans Philadelphia 
Portland, Ore. Providence ‘San Francisco Toronto 
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SPEaking of Extrusion .. . 
(Continued from page 34) 


ficiency of this section is related to 
stock temperature at the vent as 
well as to design. 

In analyzing the second stage 
there are several factors that must 
be considered which make it differ, 
to some degree, from a conventional 
single screw machine. First, the feed 
to the second stage is metered by 
the first stage and is independent 
of die back pressure. Because of this 
metered feed the output of the sec- 
ond stage does not vary with back 
pressure as is the case in a normal 
single screw machine. As the die 
pressure is increased the “full 
flight” zone moves further back in 
the extruder. With the longer “full 
flight” zone the screw is capable 
of developing higher pressures and 
maintaining consistent output. Ac- 
tual runs have been made where die 
resistance has been varied, by valv- 
ing, from 200 psi to 4,000 psi without 
affecting output. 

As mentioned previously the ini- 
tial progress of vented extrusion 
was hampered to some degree be- 
cause of its inability to operate over 
a wide pressure range. A screw de 
signed to develop high pressures 
has a tendency to surge at low pres- 
sures. This restricts the versatility 
of the vented extruder for multi- 
purpose use. Recognizing that the 
second stage output was not de- 
pendent on die resistance, Monsanto 
suggested the advantages of a valve 
between the die and the extruder 


NOW AVAILABLE 
EIGHT VOLUMES OF SPE AUTHORITATIVE PLAS- 
TICS ENGINEERING INFORMATION 


Eight volumes, totaling 3185 pages of valuable tech- 
nical data are now in stock for immediate sale: 


Annual Technical Conference (ANTEC) 
Members Non-Members 


Preprint Books 


Volume IV, 14th ANTEC, 
Detroit, Mich., Jan., 1958 
(99 papers, 1040 pages) 

2. *Volume III, 13th ANTEC, 
St. Louis, Mo., Jan., 1957 
(60 papers, 608 pages) 5.00 

. *Volume II, 12th ANTEC, 
Cleveland, Ohio, Jan., 1956 
(56 papers, 618 pages) 5.00 

. *Volume I, 11th ANTEC, 
Atlantic City, N.J., Jan., 


$5.00 


(SPEaking of Extrusion, Nov. 
1957). If the screw is designed to 
operate at the highest pressure re- 
quired—consistent with good output 
and stock temperature—the valve 
can be set so that the extruder al- 
ways operates at approximately the 
design pressure. Thus the problem 
of screw design is greatly. reduced 
by the valving technique. Flow from 
the vent will not occur unless the 
design capacity of the extruder is 
exceeded. 

Although the valve technique has 
made the vented extruder a more 
versatile piece of equipment and 
reduced considerably the screw de- 
sign problem, one cannot underesti- 
mate the importance of screw de- 
sign. The screw must be designed to 
give the proper balance between the 
outputs of the two stages and at the 
same time properly work the plastic 
and maintain satisfactory compound 
temperatures. Operation of the 
vented extruder is more sensitive 
to changes in formulation or mate- 
rials, and special screws for specific 
compounds will be of even greater 
importance than in conventional 
single stage extrusion. 

With the full potential of the 
vented extruder not completely 
realized, still another extrusion 
technique has been developed 
specifically to prevent air entrap- 
ment. The National Rubber Ma- 
chinery Co.* has under develop- 
ment a relatively simple vacuum 
hopper arrangement that can be 
used with existing equipment. This 
equipment maintains a vacuum on 
the hopper while permitting auto- 


matic intermittent feeding of the 
hopper. Inasmuch as the hopper and 
the feed section of the screw are 
maintained under vacuum air en- 
trapment is impossible. 

Equipment of the above type has 
been evaluated on PVC dry blends 
and has removed porosity from 
large cross-section pieces. It is an- 
ticipated that this type equipment 
should find wide-scale use where 
low back pressure dies are used 
with either PVC dry blends or pel- 
letized compound. This same equip- 
ment has been evaluated in con- 
junction with styrene sheeting and 
has permitted considerably higher 
outputs by virtue of its ability to 
eliminate air entrapment. It should 
be realized that equipment of the 
vacuum hopper type is not capable 
of eliminating those volatiles which 
require relatively high temperatures 
to vaporize. There is some indica- 
tion, however, that small quantities 
of compound surface moisture can 
be removed readily by this tech- 
nique. 

These two advances in extrusion 
technology should be of major in- 
terest to everyone active in the ex- 
trusion field. Processes should be 
re-examined to determine whether 
or not volatiles are restricting out- 
puts or causing poor quality yields. 
If such factors are found to be pres- 
ent, full consideration should be 
given to the possible advantage of 
both the vented extruder and the 
vacuum hopper. 

*Patent applied for 


x** 


6. “Plastics for Airborne 


Electronics,” 
Calif., November 11 
(10 papers, 116 pages) 3.00 
“Polyethylene Properties 

and Uses,” Cleveland, 

Ohio, October 17, 1957 

(8 papers, 59 pages) 


Los Angeles, 


1957 


Technical Volume Series 
8. Vol. L—“Quality Control 
for Plastics Engineers,” 
edited by Lawrence M. 
Debing (160 pages) 3.98 4.95 


Through a reciprocal agreement with The Society of 
The Plastics Industry, SPI individual members can pur- 
chase SPE publications at SPE member rates, and vice 


versa. 


To purchase any of the above publications, please 
send your orders directly to the following, stating 
whether you are an SPE member or an SPI individual 
member (Books will be mailed postpaid if money is 
enclosed): 


1955 (53 papers, 530 pages) 5.00 
*Set of three volumes 


(I, I, ITT) 
Regional Technical Conference (RETEC) 


13.00 


5. “Advances in Injection 
Molding.” Chicago, IIL, 
April 15, 1958 (4 papers, 
54 pages) 


Society of Plastics Engineers, Inc. 
65 Prospect St. 
Stamford, Connecticut 
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ALSTEELE °c 


are all the name implies—and more! 


Alsteele Granulators 


ALSTEEL GRANULATORS handle 
the entire range of thermoplas- 
tics, whether the material be _ Beside - the -Press 
.001” film or 11”-thick chunk of Granulators in a 
solids. Even the largest molded complete range of 
objects require no prior sawing. a 
And ALSTEEL GRANULATORS cut 
polyethylene and vinyl so the 
bulk factor will approximate 
your virgin material. 
For extra durability, the 
Granulator cutting chambers are 
all steel .. . for extra strength, 
the hardened forged rotor is 
machined from all steel .. . and 
for smooth, constant cutting the 
two large heavy duty flywheels 
are all steel. Heavy duty ma- Alsteclo G@ranviater: 
chines are water cooled. 100-150-200 HP 


To meet your every need in 
plastics reducing machinery— 
whether for beside -the- press 
operation or for heavy duty Alsteele Pelletizers 
chunk grinders — ALSTEEL 
GRANULATORS come in 26 models 
ranging in size from 3 HP to 
200 HP, with cutting chambers 
up to 5’. 


The Alsteele line of pelletizers 
works with extruders 24%” to 6” 
or larger. Instant synchroniza- 
tion with an extruder is made 
possible by the U.S. Varidrive. 
And ease of operation, main- 
tenance and cleaning is insured 
by extremely compact design. 


Soon to be introduced is a Additional features are excel- 

new Alsteele Dicing Ma- lent uniformity of pellets, and 

clean cutting action—even on 

elastomerics. A greatly lowered 

fect cubes from _ ribbon. noise level is still another bene- 
fit. 


chine—for making per- 


aiaieateanaaieteteted 


Hi-Speed Pelletizers to hardle 
entire extruder output 





Call or write our office nearest you for full 


price, performance and specification data. 
AL SNicl Nicaalinicmuselclcom le 


848 Herbert St. TRinity 5-5246,-5247 Framingham, Moss. 





Representatives: New York Area: Chicago Area: Detroit & Cleveland Area: 
RICHARD ROSS C. J. BERINGER CO. C. H. WHITLOCK ASSOC. ; 
EL 5-5633 New York City 727 Echo Lane, Glenview, Ill. 21655 Coolidge Hwy., Oak Fark, Mich 


Pittsburgh Area: In Canada: West Coast: 
AUTOMATION EQUIPMENT & SUPPLY CO. B. J. DANSON ASSOC. EDMUND J. LYNCH ; 
513 Empire Bidg., Pittsburgh, Pa. 1912 Avenue Rd., Toronto, Ont. 2025 Martha Lane, Santa Ana, Calif 
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Book Reviews 











PROGRESS IN PLASTICS, 1957 


Edited by Phillip Morgan. New York Philosophical Li- 
brary, New York, 1958. 394 pages, $22.50. 


One wonders whether 394 pages, including a number 
of plates, can be worth $22.50 when the book consists 
only of the papers given at one scientific meeting. This 
is, however, an attractive book and gives not only ex- 
panded versions of the talks but discussions as well. 
Thus one finds valuable side comments and revealing 
guesses which would be missing in a technical journal. 
Furthermore, this covers the 1957 International Plas- 
tics Convention at Olympia, London, England. 

The first paper, by Dr. H. F. Mark, on “Polymeriza- 
tion of Olefins,” gives a logical explanation of the man- 
ner in which Zeigler and other catalysts polymerize an 
olefin monomer such as ethylene, and the stereospecific 
control that is obtained. Grams recommends running 
melt index at higher pressures and at two temperatures 
for dense polyethylene. McFarlane reviews light scat- 
tering of polyethylene solutions and adds some new 
techniques. Rogers shows that crystallinity reduces dif- 
fusion and that equilibrium is reached in 20 minutes 
in polyethylene. Reid improves long term stress prop- 
erties of polyethylene and shows the influence of crys- 
tallinity and molecular weight. 

The hardening of PVC by 5 to 15% plasticizer is 
attributed by Horsley to crystallization. All aspects of 


YOU GET THE MOST with 
PLASTIC MOLD SPRAY 


*MOST POWERFUL 
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*MOST EXPENSIVE 
PURE SILICONES 
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between applications 


Of Any Mold Spray 
Release Availabie 








That's why We Guarantee PMS WII! 
Outpertorm Any Other...Or Money Back 


1-DOZ. NO-RISK TRIAL! 
Order 1 doz. cans at gross price 
of $1 per can. Use it. If not con- 
vinced it’s the best you've ever 
used, return unused cans for full 
refund! 

NON-TOXIC * NON-INFLAMMABLE * NON-BEATABLE 
PLASTIC MOLDERS SUPPLY CO. INC. 
FANWOOD, NEW JERSEY . Plainfield 5-5555 

Chicago: Warehouse and Sales Office: SHelidrake 3-1119 
SANDUSKY, OHIO: MAin 5-2415 
WORCESTER, MASS.: Pleasant 5-1088 





REGULAR PRICES 
GROSS LOTS $1.00 CAN 
CASELOTS —- 1,50 CAN 
SINGLE CAN 2.00 
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foamed PVC are discussed by D. A. Lever. C. E. Parks 
explains the high-impact rigid vinyls but does not re- 
veal the formulation. According to H. Paul dense poly- 
ethylene pipe has been improved but not enough to 
conduct hot water under pressure. Many new ideas are 
revealed by A. Kennaway in discussing most of the 
aspects of extrusion. Extrusion in Germany, as told by 
G. Schenkel, embodies some novel techniques. The ad- 
vantagés of preplasticization in injection molding are 
attractive according to E. Gaspar. This is strengthened 
by the paper of L. W. Meyer who gives the advantages 
and disadvantages of faster injection rates. The prob- 
lems described by G. Hulse in injecting toughened 
polystyrene, indicate that more specific testing stand- 
ards are needed. 

New developments in fluorine polymer studies, de- 
scribed by G. W. Bowley, show the effects of tempera- 
ture and pressure on extrusion, and the effects of chem- 
ical and physical differences. The scrap has found its 
best use in degassing steel. Most of the aspects of rein- 
forced thermosetting plastics for high temperature and 
are resistance are explained by J. Hofton. L. H. Vaughan 
describes the “Relative Merits of Epoxide, Polyester, 
and Phenolic Resins in Glass Reinforced Plastics”— 
each has its place. W. A. Baker accents the importance 
of accurate control and design to take advantage of the 
strength/density ratio found in plastics. The fatigue 
and notched strengths of reinforced plastics are rela- 
tively superior to other construction materials. 

In summary, many new ideas are suggested in this 
book, certain plastics progress in 1957 is well covered; 
and no typographical errors were discovered, indicating 
that the data will not need amending. 

Robert B. Bennett 


University of Florida 








Now... less cost, less delay 
in making plastic-forming 
molds, zinc and aluminum 

5 die-casting dies... with 


Steel Cavities and Cores 


A\CCU-CAST 


without master hobs 


Manco’s new process precision-casts di- 
rectly from original patterns . . . in almost 
any castable material ... eliminating costly 
die-sinking shopwork. 

Manco gives you economical choice of 
the right material for every job... ACCU- 
CAST in steel or TRU-CAST in beryllium 
copper . . . with faithful detail, dimen- 
sional accuracy, impact strength, and long 
trouble-free service life. 
YOURS FOR THE ASKING — expert 
technical aid and advice. For your 
free copy of the new ‘Accu-Cast’ 
folder—write, wire, or phone today: 


MANCO PRODUCTS, Inc. 


2401 Schaefer Road, Melvindale, Mich. 
Telephone: Detroit— Warwick 8-7411 


ACCU-CAST 























Classified Ads 


POSITIONS OPEN 


Executive Opportunity 


New Polyethylene Compounding, Processing and Color- 
ing Plant 


We need experienced executive, familiar with all 
technical aspects, to help setup and supervise complete 
processing, reprocessing, compounding and coloring 
operation. Compensation requirements will be ar:anged. 
Reply to Box 3358, SPE Journal, 65 Prospect St., Stam- 
ford, Connecticut, giving complete resume. 


* 
PLASTICS ENGINEER 


Immediate opening at Tektronix, Inc., Portland, Ore- 
gon, for creative, versatile PLASTICS ENGINEER with 
model shop experience for prototype development to 
start plastics engineering section of components devel- 
opment group. Position offers maximum opportunity 
for full expression, development of original, creative 
ideas in ideal professional environment. If you are look- 
ing for a position that holds real challenge and promises 
impressive rewards with attendant personal advantages, 
WRITE or PHONE for additional information to: 

Lang Hedrick 
Tektronix, Inc. 
P. O. Box 831 
Portland 7, Oregon 
Phone: CYpress 2-2611 


* 


PLASTICS 
CHEMISTS 
AND 
ENGINEERS 


For openings in research and development departments 
engaged in polyethylene products applications and 
technical service, mid-western locations. 


@ Product Development Chemists or Engineers with 
2 to 8 years application experience with alkyds, vinyls, 
polyesters, epoxides, polyurethanes in coating, lamin- 
ating, and potting operations. 


@ Plastics Engineers with 2 to 8 years -xperience in 
equipment techniques and applications of thermoplas- 
tic polymers in fields of molding, extrusion, and vac- 
uum forming. 


@ Representatives to perform technical service calls to 
customers and provide technical information to sales. 


Submit resume to Industrial Relations Department. 


U. S. INDUSTRIAL CHEMICALS CO. 


Division of National Distillers and Chemical Corp. 
99 Park Avenue New York, N. Y. 


48 


POSITION WANTED 


MANUFACTURING MANAGER — SALES 


Former Manufacturing Manager, Plastics Department, 
of a well known custom and proprietary molder. Have 
had 31 years experience in plastics molding and process- 
ing. Desire position in sales, technical service, consult- 
ing or manufacturing. Resume sent on request. Salary 
open. Reply to Box 2658, SPE Journal, 65 Prospect 
Street, Stamford, Connecticut. 





CLASSIFIED RATES 

“Position Open” and “Position Wanted”—Minimum charge: 
$7.00; per word: $0.25. SPE members in good standing are 
entitled to a total of three no-charge “Position Wanted” ad- 
vertisements during any twelve month period. 

“Machinery, Equipment and Materials for Sale”—Minimum 
charge: $12.00; per word: $0.40. 

All ads include one bold face caption line. Additional caption 
lines at $2.00 extra per line. Boxed ads (four side rules) $2.60 
additional charge. 

Last day for inserting ods is the first of the month preceding 
date of publication. 
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BEARINGS SO PERFECT YOU CAN 


OF A SERIES 


Automatic camshaft assembly machine assures 
bearing surfaces so perfect that every Oldsmobile 


camshaft can be turned by hand. 


Installing a camshaft in an engine is like threading a 
needle. In the hand assembly of this critical part, the cam 
lobes often score the bearing surfaces. This results in high 
friction that will ‘freeze’ a camshaft so that it can be very 
difficult to turn manually. Olds engineers, however, have 
developed the only automatic camshaft assembly machine 
in existence. It installs camshafts so precisely that every 
one can easily be rotated by hand . . . a guarantee of un- 
marred cam lobes, less friction and longer bearing life! 


To go one step further in eliminating any possibility of 
damaged cam lobes and journals, all handling is done 
entirely by mechanical means. After grinding, polishing 
and washing, camshafts are fed by conveyor to the installa- 


“ROLL YOUR OWN’’ 


tion machine and mechanically loaded. As the camshaft is 
properly installed and located in the engine block, a uni- 
form protective coating of oil is applied for proper lubri- 
cation before the engine is ever started. So precise is this 
machine that cam bearings are never touched by the lobes 
or journals passing through even though clearances are as 


low as 0.0015 inches. 


Attention to small, frequently hidden details is the true 
mark of quality craftsmanship. At Oldsmobile, quality is 
not “What will pass?”, but rather, “Is this the best way 
to build automobiles?”. It is this search for better ways 
to make better automobiles that makes Oldsmobile dis- 
tinctive—a car in a class by itself. Discover the difference 
for yourself. Your friendly Oldsmobile Quality Dealer has 
a test drive reserved especially for you. 
OLDSMOBILE DIVISION, GENERAL MOTORS CORP. 





a Camshaft is rotated and 
lubricated as it automatically 
slides into engine block. 


Scarred lobe on camshaft 
indicates scored bearing and 
may result in shorter cam- 
shaft and bearing life. 





Pioneer in Progressive Engineering 
-.-Famous for Quality Manufacturing 
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Florida's damp salt air doesn’t harm 
these attractive lamps. They never need 


painting. MARLEX won't rust! 
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CIE or Fr rrr 
Home in the new Coral Key Villas sec- 
tion near Pompano Beach, where more 
than 120 Cape Codder lanterns are in- 
stalled, and 690 are planned. 
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CAPE CODDER LANTERN MADE BY ENGINEERED PRODUCTS, INC., KIRKWOOD, MO. 


A revolutionary, new lantern that cant crack, pee or rust 
even in salt ir because Hts made of IMU LEX’ 


“Damp salt air and intense sunshine are tough on 
most materials. We think MARLEX is just the ticket 
for these difficult conditions,” says George O. 


Palmer, Owner, Palm-Aire Construction Company, 
Pompano Beach, Florida. “MARLEX is a durable 
plastic that can take plenty of punishment. Lanterns 
made of it stand up well in all kinds of weather.” 
Every day MARLEX is finding its way into new 
uses. In many cases this premium quality rigid 
polyethylene is the least expensive material that 


[RIGID] POLYETHYLENE 


can meet manufacturers’ strict specifications. 
MARLEX is highly versatile, too. It can be molded 
into attractive colorful housewares or used in many 
heavy duty industrial applications. It can be ex- 
truded into tough film or filaments. It’s odorless, 
tasteless . . . can be steam-sterilized . . . is unaffected 
by most acids, alkalies, and oils. 
For full information, call your nearest MARLEX 
sales representative. 
*MARLEX is a trademark for Phillips family of olefin polymers. 


PHILLIPS CHEMICAL COMPANY, Bartlesville, Okiahoma 
A subsidiary of Phillips Petroleum Company 


PLASTICS SALES OFFICES 


318 Water Street, 


Akron 8, Ohio 
FRanklin 6-4126 





CHICAGO 

1H S. York Street, 
Elmburst, tL 
TErrace 4-6600 


SOUTHERN & FOREIGN 
Adams Building, 
Bartiesville, Oklahoma 
Bartlesville 6600, Ext. 8108 


WESTERN 
37 . Lake Ave., 


Pasadena, (lif. 
RYan 1-0557 


